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DO00011). The alternate leg is selected by 
skipping to D00011 when on leg 1. Note that 
the alternate path rejoins the primary 
mission at D00007; thus, both D00006 and 
00012 list D00007 as the next DP. 40-List 
(ADD or REPLACE) points are defined rela- 
tive to tape-filled points; digits 3 thru 5 
define the tape-filled point to be replaced, or 
the tape-filled or panel-replaced point fol- 
lowing the point(s) to be added. 


Digit 2 is the "add" number for panel-filled 
ADD points. Digit 2 can range from 1 to 7 
for the first through seventh points to be 
added ahead of the tape-filled or panel- 
replaced point of the same type defined by 
digits 3 thru 5, where add point X10YZ is the 
first add point encountered in the mission, 
ahead of point 000YZ with add point X20YZ 
the second, etc. Digit 2 is zero for tape- 
filled points or replaced points. Digit 2 is the 
left-most digit in the SELECTED DATA 
window 6 when a mission modification is 
performed or a mission point is displayed. 


Digit 1 is a zero for all tape-filled points, 
replaced control or fix points, and 40-list 
destination points. When adding fix or con- 
trol points, however, digit 1 is used by the 
computer to determine the track leg location 
of the new added point. If the add point is 
after the last tape-filled point of its type on 
its track leg, this digit is 1; if the add point is 
before the last tape-filled point of its type on 
its track leg, then the digit is a zero. Digit 1 
appears as C1 or Fl in the letter position of 
the SELECTED DATA 6 counter during a 
mission modification or mission point display 
operation (when ID code is entered). It also 
appears when a point is displayed. 


Sensor Selection Code 


The three-digit sensor selection code design- 
ates which sensor shall be turned on and/or 
remain on, at a panel-filled control point. 


When control points are added or replaced, 
take care not to disrupt prior turn-on com- 
mands to the TECH cameras or SLR system. 
If, for example, the L TECH was 
automatically turned on 50 nm prior to an 
add R TECH control point, and the mission 
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SENSOR SELECTION CODE 


SENSOR 


L TECH 
R TECH 
SLR 


Verify code insertion on panel 
by illumination of appropriate 
sensor indicator. 





Figure 4-12 


planner intended it to remain on for a total 
100 nm swath, the add-control point sensor 
assignment code would be 110. This would 
tell the computer to leave the L TECH on at 
the new control point and that the R TECH 
will be turned on. This is necessary because 
each CP will turn sensors off without an "on" 
marker in the sensor code. 

Left. ht Start Code 

The left-right marker and start range code 
(three digits in the range code column of 
Figure 4-13) designate which side of the 
aircraft to point and the distance from nadir 
to the area to be mapped (near edge of the 
radar beam, when the SLR is selected for use 
with fix-points or control points). The panel- 
filled start range code is limited to the SLR 
five-mile recorder strip width noted in the 
first column of the table. When adding or 
replacing TECH camera control points, insert 
100.0 or R0O.0 for control points to the left 
or right of course respectively. Verify code 
insertion in the SELECTED DATA window 5 
(R or L plus three numeric digits). 


40-List Add/Replace FP-CP-DP Limitations 


Add/replace can be performed in any ANS 
mode except OFF or WARM UP. Add/re- 
place alters the tape-filled mission. If the 
added point is located before the "next point" 
of each type on the current leg, or the 
replaced point is the current "next point" of 
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START RANGE CODE 
~Capre Radar- 


Start Range 
(Cross Track Range 
to Near Edge of 
Beam (nm)) 


(legal Code) 


15 - 


*L or R, depending on whether CP or FP is 
to the left or right of course. 


Figure 4-13 





each type, then the RSO must fill the new 
points into the 40-List and then perform a 
Track Leg Update. This will cause the ANS 
computer to recognize and use these new 40- 
List points. For example, if the first tape- 
filled leg is changed by replacing or adding 
DP's, a Track Leg Update will reinitialize the 
computer to the new first leg. 


Any filled 40-List points located after the 
current “next tape-filled point" of each type 
will be utilized in the normal ANS sequence 
and no Track Leg Update is required (see 
Figure 4-10). 


NOTE 


A FP/CP/DP in the 40-List must be 
deleted before a correction/modifi- 
cation can be made to that numbered 
point. 


sheet 
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Points may be added before replaced tape- 
filled DP's. A maximum of seven points of 
one type can be added in between two tape- 
filled points of that type. Points cannot be 
added after the last tape-filled point of that 
type. P's and CP's cannot be added into 
track legs that contain no tape-filled FPs or 
CPs except an Anytime Fixpoint (described 
later) can be added to a leg that has no tape- 
filled FPs. If a FP is replaced, any sensor 
activity programmed at the original tape 
filled-point is negated, that is, will not occur. 
For example, if a camera was to be turned on 
at a radar FP or turned off, and that FP is 
replaced, the programmed camera activity 
will not take place. The sensors should then 
be operated in the Manual Mode. If a FP is 
added, there is no effect on the programmed 
camera activity. Adding a viewsight FP does 
not affect programmed radar activity. 


The ANS does not automatically stop pro- 
cessing CP's and FP's on the original tape- 
filled leg when navigating on a leg from a 
tape-filled DP to an added or replaced DP; or 
from a replaced DP to any type of DP. In 
these cases, the CP's and FP's on the original 
leg are processed relative to the new leg. In 
general, pointing and mapping commands will 
be incorrect, and unless all CP's and FP’s can 
be projected on to the new leg, a sensor could 
be commanded on but not off. Therefore, the 
sensors should be operated in their manual 
modes or tape-filled CP's and FP's should be 
replaced. No CP's and FP's are processed 
when navigating from an added DP to any 
type of DP. 


After a power dropout, pressing RAPID or 
MODE START on the ground with the MAL 
light flashing will erase the 40-List. Anytime 
a rapid or gyro-compass ground alignment is 
performed, 40-List data must be re-entered. 
40-List data is not deleted if the HOT switch 
is pressed with the MAL light flashing or a 
cold airstart is performed. Therefore, 40- 
List data is retained for a ground hot start, 
cold airstart, or a hot airstart. Pressing the 
MODE START switch without the MAL light 
flashing has no effect on the 40-List. 
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‘Turn Radius For Panel-Filled DPs 


A turn radius can be filled with any panel- 
filled DP to get a fixed-range-to-turn at that 
DP. This data is filled in nautical miles with 
three digits and appears in the SELECTED 
DATA window 3. If no turn radius is filled, 
the system calculates the turn radius based 
on current groundspeed and a 32° bank angle. 
Figure 4-14 lists turn radius values for 
various Mach numbers and bank angles. 


NOTE 


A turn radius for a bank angle 
greater than 35° will only be com- 
manded by the autopilot if the 
original programmed bank angle for 
that turn start point (TSP) was 
greater than 35°, The autopilot will 
otherwise be limited to 35°. 


Delete DP/FP/CP Procedure 


The DELETE procedure can erase a panel- 
filled DP, FP, or CP from the 40-List so that 
the memory space can be re-used, or that a 
mistake in manually entering a point can be 
rectified without clearing the entire 40-List. 
Tape-filled points cannot be deleted. 

Add FP. ¢ Procedure 

The ADD FP ANYTIME procedure is identical 
with the ADD-FP procedure except that no 
TD code is entered and the entry does not go 
into the 40-List. The procedure allows the 
RSO to add fixpoints on legs that have no 
tape-filled FPs (during critical phases of hot 
or cold airstarts; on skip-to or direct-steer 
legs; or any time). 


The Anytime FP can only be entered when on 
the great-circle leg on which it is to be used. 
Actuation of the viewsight READ switch 
deletes either a viewsight or radar Anytime 
FP. A TRACK LEG UPDATE or DIRECT 
STEER procedure also deletes an Anytime fix 
point. 


When a viewsight Anytime FP is inserted, no 
tape-filled or panel-filled fixpoints on that 
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track leg are processed until the RSO presses 
the viewsight READ switch. Camera and 
radar control points are not affected by the 
viewsight Anytime FP routine. 


When a radar Anytime FP is inserted, the 
radar is commanded to operate 60 nm ahead 
of the Anytime point. Any tape-filled or 
panel-filled radar commands (CP's or FP) are 
inhibited and will not take place until 24 nm 
past the "Anytime" point. The radar remains 
on and pointed at the "Anytime" fix point 
until subsequent tape-filled or panel-filled 
radar commands turn the radar off or re- 
points it. Camera control points are not 
affected by the Radar Anytime FP routine. 


TACAN Anytime FP's do not affect sensor 
programming at tape-filled control points or 
fixpoints. Therefore, for a confidence check 
on sensor "take" legs, it is better to use the 
Anytime TACAN or viewsight fix than the 
Anytime radar fix. 


Opportunity Viewsight Fix 


The Opportunity viewsight fix allows the RSO 
to update ANS present position using a 
visually identified point which has not been 
tape or panel-filled into the ANS. In this 
procedure the RSO aligns the cursor and 
presses the READ switch as in a normal 
viewsight fix routine. As the coordinates of 
the opportunity point are not previously 
stored in the computer, the initial display of 
ANS corrections is meaningless. However, 
these initial corrections are cleared when the 
RSO fills the latitude, longitude, and ele- 
vation of the opportunity point. When the 
ENTER/DISPLAY switch is pressed after co- 
ordinate entry, new errors are displayed. The 
RSO can then either clear the errors or enter 
the corrections. 


The RSO can repeat the coordinate entry if 
an error is made in the initial entry by 
pressing the ENTER/DISPLAY switch and re- 
entering all data required. However, if ERR 
is displayed in the MODE window, MAN 
CLEAR must be pressed to’terminate the 
routine and no update is possible. 


ole 


Skip to DP Routine 


‘The following examples refer to Figure 4-8. 


When the skip-to routine is performed, the 
following DP number associated with the 
current next DP is replaced with the skipped- 
to DP number. This procedure can be used to 
select an alternate route in flight. For 
example, perform skip to DO0011 while en- 
route from DO00001 to D00002 and before 
reaching the range-to-turn to D00003, to 
select the alternate route from D00002 to 
100011 to DO0012, etc. This procedure could 
also be used to skip any portion of the 
programmed mission. For example, to skip 
from D00004 to D00006, perform a "skip to 
100006" while enroute from D00003 to 
D00004 and before reaching the range-to- 
turn to D00005. Do not perform a skip from 
a doubly defined destination to its alternate 
destination since this creates a zero-length 
leg and unpredictable navigation results. For 
example, do not perform a "skip to D00011" 
after reaching the range-to-turn to D00003 
and enroute to D00003 since the leg from 
100003 to D00011 has zero length. 


Skipping to a DP after starting great-circle 
navigation does not erase CP or FP operation 
on the original programmed leg following the 
current next DP. Consequently, skipping to 
00011 to select the alternate route does not 
eliminate the sensor operation on the leg 
from D00002 to D00003. On the other hand, 
skipping to D00006 while enroute to D00004 
will not eliminate the CP's and FP's along the 
original leg from D00004 to D00005, and the 
system will process these points. In this 
case, the sensors should be operated in their 
manual modes until back on the programmed 
mission course. 


Direct Steer 


The direct-steer procedure results in an im- 
mediate change in destination. ‘Vhen com- 
manded, the ANS computes a new great- 
circle course from the present position to the 
destination point selected or coordinates 
entered by the RSO. The aircraft turns to 








SECTION IV 


the new course immediately after the DIR 
STEER switch is pressed. The ANS computes 
new great-circle courses to the selected DP 
or coordinates until the aircraft has turned to 
within 2 degrees relative bearing to the 
destination. This results in the most direct 
path to the destination. If aircraft track 
subsequently deviates more than 2 degrees 
from command course, the direct steer is 
automatically restarted. When the DIRECT 
STEER procedure is performed, ANS operate 
commands to the sensors are turned off. The 
ADD ANYTIME FP and OPPORTUNITY 
Viewsight Fix procedures are usable while in 
DIRECT STEER if the aircraft track remains 
within 2 degrees of the bearing to the DP 
during the Fix procedure. 


Track Leg Update 


The Track Leg Update procedure allows the 
RSO to change the current ANS track leg. 
Any track leg segment in the mission may be 
selected. The RSO fills the ID code number 
of the beginning DP of the leg he desires. 
The ANS then initializes to the leg from that 
DP to the next sequential tape-filled or 40- 
List DP. Great-circle navigation and sensor 
control are immediately conducted relative 
to this new leg. The ANS sequences through 
all FP's and CP's on the new leg up to the 
current computed along-track position, where 
sensor commands will be as programmed for 
that point on the track; normal auto-nav 
steering is performed, using a 30-degree 
approach to the new track, if necessary. 


The RSO should perform a track leg update 
during a Hot or Cold Airstart and Ground Hot 
Start since the computer automatically re- 
initializes to the first track leg segment on 
the mission tape at system turn-on. 


NOTE 


If the current groundspeed and/or 
Present position satisfy turn start 
criteria to the next leg, then the ANS 
will accept the updated track leg and 
immediately "index" 
track leg. 


to that next 
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ANS BANK ANGLE VS TURN RADIUS FOR VARIOUS MACH NUMBERS 
FAT = -56° 








*KTAS based on Mach 1.0 = 573.6 knots at -56.5°C ambient air temperature. 
KR = 14.815 (v/1000)?/Tan ? for ANS System turn; where V = KTAS, # = bank angle. 














Figure 4-14 


ANS OPERATION 


The ANS must be warmed up and aligned 
before flight. The methods for ground and 
air alignment and their association with 
various navigation modes is outlined in Figure 
4-16, 


Prior to ground alignment, verify that the 
prescribed mission program is in the com- 
puter and that the portable chronometer is 
installed and operating. Power and cooling 
air are required continuously through warm- 
up, alignment, and navigation. Once align- 
ment has started, a power interruption of 
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NAVIGATION MODES VS ALIGNMENT METHODS 





NAVIGATION MODE ALIGNMENT METHOD WITH NDC -1070 COMPUTER 


GYROCOMPASSING 
> Warm up 
soarse align 
= Fine align 
Istalign - 
slew 90° - 
2nd align 


@ min 
6 min 

B min 55 sec 
12 min 15 sec 
L min 30 sec 
16 min 10 sec 





95 min 55 sec 
ASTRO INERTIAL 


INERTIAL ONLY RAPID 
> Warmup 
~ Coarse align 
- Fine align 
GROUND HOT START 


= Coarse align 
= Restart 


@ min 
6 min 
12min 


78 min 15 sec 


GROUND ACTIVATION 


50 sec 


be pbed | 9 sec 


AIRSTART 
+ Coarse Align Phase 
+ Restart 
~ Navigate Phase 
Dead Reckon 


Until platform is rough leveled ( < 40 arc min) 
Untit platform is leveled (< 21 arc min) 
Continuous after platform leveling 


Continuous from FILL PP (during 
coarse align) to * ON (steady) 


Continuous from platform leveling + 5 min 
to % ON illumination (steady) 


Continuous after * ON illumination 
(steady) 


Search for Star 
AGB 


Airmass-damped, 
astro inertial 


navigation 








more than 1 second will require realignment. 
Normally, warmup and alignment are per- 


run down in approximately 24 hours and the § 
chronometer will stop. After power is 


formed on ground power and cooling air with 
transfer to aircraft power and cooling air 
after engine start, but can be performed on 
aircraft power and cooling air after engine 
start. 


When operating from an alternate base with- 
out ANS support personnel, the chronometer 
day/time accuracy must be checked. If a 
flight with an accurate chronometer installed 
terminates at an alternate base, the chrono- 
meter can be (a) maintained indefinitely in an 
accurate GO state by connecting ground 
power and cooling to the aircraft with the 
MODE switch OFF and the aft cockpit ANS 
essential DC circuit breaker in, or (b) left in 
the aircraft after normal shutdown 
procedures are completed. In the latter case, 
if the battery ON/OFF switch is left in the 
ON position, the chronometer battery will 


(Note: 4-324, 
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reapplied to the aircraft and the battery 
ON/OFF switch is in the ON position, the 
chronometer should display a GO status and 
begin to charge its internal battery. If the § 
chronometer is in a GO status, but merely 
incorrectly set, fill DAY/TIME during C/A 
and operate in the ASTRO INERTIAL mode. 
(In a ground hot start, the C/A mode lasts 
only 60 seconds.) After filling DAY/TIME, 
the difference between RSO filled values and 
chronometer values is retained as a bias term 
to update the computer time following power 
dropouts of less than 1 second. Thus, astro 
inertial navigation should function normally. 
Power dropouts that exceed 1 second will not 
be compensated for. 


After filling DAY/TIME a Hot Airstart can- 
not be performed and a new ground alignment 
or Cold Airstart is required. Chronometer 
options are listed in Figure 4-17. 


lank) deleted 
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CHRONOMETER/OPERATION OPTIONS 





Status of Chronometer 
Installed 


RSO Mode Options 


SECTION IV 


Hot Start Program 
Retained 





A. Accurate, GO 


B. Inaccurate, GO 


C. Inaccurate, GO 


D. NO/GO or Chrono- 
meter disconnected 
or not installed. 





NOTE 





Any 


Do not fill DAY/TIME. INERTIAL 
ONLY selected after align. 


Fill DAY/TIME - ASTRO INERTIAL 
selected after align. 


Any. But any power dropout of 
any duration will cause drop 
out of ANS. New alignment or 
Cold Airstart will be required. 
This situation very undesire- 
able and ANS dropout is highly 
probable in flight due to 
electrical system interruption 
or transient below 103 volts. 


Figure 4-17 





Yes 


Yes, no star tracking 
possible. 


No, star tracking 
available. (Recom- 
mended procedure.) 


No. 





Takeoff without a chronometer or 
with a NO/GO is permitted but not 
recommended. ANS mode options 
are the same for any of these con- 
ditions, but are subject to conditions 
discussed under Power Dropout and 
Chronometer Failure in this section 





under Malfunction Indicator. Also 
refer to Flashing MAL Li; 
Durin Ground ration 


Flashing MAL Light On In Flight, this 
section. 


Warmup 


Turn the MODE switch from OFF to 
WARM UP. The MAL light will 


illuminate steady. Monitor the TEMP LIMIT 
light. If the light remains out, the MODE 
switch can be moved to an "operate" position. 
If the TEMP LIMIT light is on steady or 
flashing, immediately turn the MODE switch 
to OFF and check ANS cooling. The MODE 
window display is blank in the WARM UP 
mode. 


Ground Alignment 


When the MODE switch is moved from 
WARM UP to ALIGN or an "operate" mode, 
full operating power is applied to the entire 
system and alignment begins. The MODE 
window indicates the current phase of 


a. 
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alignment. Initially, the MODE window reads 
C/A, and the computer starts the self and 
system test routines. A flashing MAL light 
comes on when full operating power comes on 
and is reset by pressing the MODE START, or 
RAPID, or HOT switch; it will relight if the 
computer test routines detect a malfunction 
or power dropout. 


Upon successful completion of the test 
routines, the computer automatically starts 
alignment beginning with the coarse phase. 
Coarse alignment time (5 to 6 minutes) is the 
same for all ground-start cases except ground 
hot start. 


Except for hot starts, fine alignment begins 
after completion of coarse alignment if 
present position coordinates have been 
entered. Do not enter present position until 
the TEMP TOLR light extinguishes. 


NOTE 


Except for hot starts, enter either 
magnetic variation or true heading 
prior to entering present position and 
field elevation. 


The optimum method of alignment is gyro- 
compassing. The 30-minute fine-alignment 
phase includes gyrocompassing. Gyro com- 
passing determines the orientation of the 
platform relative to true north. Fine align- 
ment accurately levels the platform to the 
local vertical. 


An alternate method of ground alignment is 
the rapid alignment. In this mode, the sys- 
tem automatically goes directly to a 12- 
minute fine-align period from coarse align. 
During fine align, the gyros are rated and the 
platform is leveled. Since gyrocompassing is 
not performed, a runway heading alignment 
should be performed during takeoff following 
a rapid alignment unless the -ircraft true 
heading in the parking location is known 
within 0.1 degree or the star ON light 
illuminates before flight. 
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Completion of fine alignment (and gyrocom- 
passing) is indicated by display of present 
position coordinates in the PRESENT LATI- 
TUDE/LONGITUDE windows. For optimum 
navigation performance, remain in fine-align- 
ment until just before taxi. If the aircraft 
will be stationary for 5 minutes or more after 
a navigation mode has been initiated, use the 
Ground Alignment Correct procedure. This 
procedure puts the system back into fine 
align and removes any velocity error induced 
by taxiing. Star tracking will continue during 
the alignment if it was in progress. 


Alignment Mode Selection 


The ANS is aligned by setting the MODE 
switch to ALIGN, ASTRO INERTIAL or IN- 
ERTIAL ONLY and pressing either the MODE 
START switch or the RAPID switch. 


For a gyrocompassing alignment, set the 
MODE switch to ALIGN, ASTRO INERTIAL 
or INERTIAL ONLY and press the MODE 
START switch. At the completion of Fine 
Align the ANS automatically enters the mode 
selected with the MODE switch. If ALIGN 
was selected the ANS remains in Fine Align 
until a ‘navigation mode is selected or the 
aircraft is moved (in which case the system 
automatically enters the ASTRO INERTIAL 
mode). 


For a rapid alignment, set the MODE switch 
to ALIGN, ASTRO INERTIAL or INERTIAL 
ONLY and press the RAPID switch. At the 
completion of Fine Align the ANS remains in 
Fine Align until a navigation mode is selected 
or aircraft motion causes the system to enter 
the ASTRO INERTIAL mode. 


Navigation cannot start until the minimum 
fine-alignment time has elapsed as indicated 
by display of the present position coordinates 
in the PRESENT LATITUDE/LONGITUDE 
windows. 
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NOTE 
The alignment mode cannot be 
changed subsequent to the first 


MODE START or RAPID switch oper- 
ation without turning the MODE 
switch to OFF or WARM UP and back 
to the desired mode. Merely moving 
the MODE switch to the alternate 
mode and pressing the MODE START 
switch does not change the mode of 
alignment. 


Ground Hot Start 


An abbreviated ground alignment is provided 
when the aircraft has not moved since the 
ANS was turned off following a normal 
ground alignment or operation in an operate 
mode. In this mode the RSO presses the HOT 
switch after power and cooling air are on. 
The ANS uses the true heading and present 
position stored in memory at the end of the 
previous operation. The ground hot start 
alignment consists of a variable time coarse 
alignment followed by a 30 second leveling 
period during which RESTART (RES) is 
displayed. The time in C/A should not 
exceed 90 seconds from the time HOT is 
pressed. Platform leveling is inhibited until 
45 seconds after power is applied, then 
coarse alignment begins if HOT has been 
pressed. If HOT is not pressed, platform 
leveling is inhibited. When the platform tilt 
error is less than 10 arc minutes, the ANS 
enters the RES mode for 30 seconds of fine 
alignment. Failure to enter the RES mode 
means that the platform was unable to level 
to less than 10 arc minutes. The platform 
cannot recover from greater than 2-1/2° of 
tilt during a ground hot start. If the ANS will 
not come out of C/A, a rapid or gyro compass 
alignment must be performed. Completion of 
a ground hot start alignment is indicated by 
the appearance of F/A in the MODE window. 
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NOTE 


If star tracking is not possible due to 
aircraft location or sky conditions, 
leave the system in F/A. Otherwise 
place the system in ASTRO 
INERTIAL mode by setting the 
MODE switch to ASTRO INERTIAL 
and press MODE START. When A-I 
appears in the MODE window, 
inertial data is used for all ANS up- 
dates and displays and the star 
tracker will start searching for an 
"A" star. 


The ANS uses the landing gear switch to 
distinguish between a ground hot start and a 
hot air start. Air mass damping is not 
performed following a ground hot start. Be- 
fore a ground hot start, ground cooling air 
should be provided at 75°F if possible. 
Loading a new mission tape destroys the 
stored values of position and heading, If thi 
stored heading is not accurate within 0.1 
and the star ON light is off, a runway heading 
alignment should be performed following the 
ground hot start. 


Takeoff 


If the runway heading alignment routine is 
used, maintain takeoff roll parallel to runway 
centerline. This alignment is automatically 
terminated at lift-off by a switch on the left 
main landing gear strut. The RSO must press 
the UPDATE or MAN CLEAR pushbutton to 
end the procedure. 


In-Flight 


After takeoff, the tape-filled mission plan 
will be followed automatically except as 
modified by panel-filled inputs. Generally, 
the autopilot is engaged in the auto-nav mode 
to simplify flying the mission, Refer to 
Mission Tape Program and Mission Modifi- 
cation, this section, for a more complete 
discussion of navigation and sensor control. 
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Position fixes, using the TACAN, SLR, and 
viewsight should be made at frequent 
intervals to verify and, if necessary, refine 
computed position. The ANS errors measured 
by these systems are displayed on the NCD 
panel and may be cleared or entered into the 
ANS to correct present position. This is 
especially important in the alternate 
navigation modes. 


TACAN FP accuracy is inherently worse than 
the viewsight, radar, or ANS fixes, so updates 
of the ANS by TACAN should only be entered 
when the ANS is positively known to have 
large errors. 


The ANS software will weight the correction 
according to prestored accuracy estimates 
for the type of fixpoint and its current 
estimate of ANS accuracy. Hence the update 
command by the RSO will result in only a 
portion of the displayed error being accepted. 
The Remote Update routine will, however, 
always make a total position update by the 
amount commanded. On other types of fix 
updates, if either the latitude or longitude 
correction requested is greater than 5 
nautical miles, the total amount will be 
accepted. 


The NCD panel star ON light is an important 
indicator during astro-inertial and airstart 
operation. If the star ON light is out during 
astro-inertial operation, system error will 
increase at the inertial-only rate and extra 
effort should be made to check computed 
position. If the star ON light is on, astro- 
inertial performance will generally be good. 
Refer to Astro-Inertial Navigation, this 
section. 


Airstart Alignment 


Should there be an airborne power 
interruption or temporary malfunction, it 
may be possible to realign the ANS using the 
airstart procedure. A period of coarse 
alignment to level the platform is followed 
by a period when it may be possible to 
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accurately level the platform for precision 
navigation by performing a series of fixes. 


Present position can be entered any time 
after initiating the airstart procedure and is 
updated continuously thereafter by dead- 
reckoning computations. If present position 
has not been filled by the time the coarse 
align phase has been completed, the MODE 
window will indicate ENT (Enter data). 


The system also commences great-circle nav- 
igation and sensor control using dead 
reckoning position as a reference in 
computing steering commands, true- heading, 
range and bearing to points of interest, 
NORMAL display data, etc. True heading 
must be checked for accuracy and updated as 
required. Magnetic variation may be used to 
correct true heading when the ANS is in the 
C/A mode. Afterwards the TRUE HEADING 
UPDATE routine must be performed. Also, if 
accurate navigation is desired prior to star 
ON light illumination, the FILL WIND 
procedure should be used initially in the 
coarse align mode and repeated as wind 
conditions change until star ON steady 
illumination. Position fixes (TACAN, 
viewsight, or radar) may be used to update 
the dead reckon frame during this period. 
Remote updates may be used to update the 
inertial frame. 


After coarse alignment is completed, the 
MODE window display changes to RES and 
the system commences internal airspeed- 
damped navigation using dead-reckon data as 
a starting point. In one minute the first 
airmass damping correction is made and 
corrections of diminishing magnitude are 
made every minute for the duration of the 
flight. These corrections do not cause auto- 
nav steering transients. Inertial present 
position can be displayed and compared with 
dead-reckon present position by using the 
DISPLAY PRESENT POS procedure. Star 
search begins when A-I appears in the MODE 
window. To optimize star acquisition, the 
aircraft should be flown straight and level. 





<a 


Acquisition of star A is indicated by flashing 
of the star ON indicator. When B star is 
acquired the star ON light goes out. 


When the star ON indicator goes on steady, 
indicating that continuous star tracking is in 
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progress, inertial data is used to update all 
ANS outputs and internal dead-reckon 
computations. If the autopilot is engaged in 
the auto-nav mode, an aircraft maneuver will 
occur. Position fixes should be made and the 
system updated as required. 
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ANS NORMAL PROCEDURES 


The following ANS Tape 12 operating 
procedures are divided into the general 
categories of alignment, fill, update, 
change and display. 





NOTE 





In these procedures, only the indications that change as a result of procedural steps are listed. 
Assume that the display does not change if the indication of a particular display is not listed. 


The L and R TECH and SLR NCD indicators will be off unless otherwise specified. 


The MAL indicator must be off at all times except: it must be on steady while in the WARM UP 
mode and flash when the MODE switch has been turned from OFF or WARM UP to ALIGN, 
ASTRO INERTIAL, INERTIAL ONLY, DEAD RECKON, or AIRSTART; and must extinguish 
after the MODE START, HOT, or RAPID switch is pressed. Refer to the Emergency Procedures 
paragraph if the MAL light illuminates under any other circumstances. 


"Operate" positions of the MODE switch means ALIGN, ASTRO INERTIAL, INERTIAL ONLY, 
DEAD RECKON, or AIRSTART. 


If ERR is indicated in the MODE window, press the MAN CLEAR switch and restart the 
Procedure. 


ENT is displayed following the minimum coarse alignment period when present position/heading 
has not been filled. 





When the MAN CLEAR switch is pressed (or the first keyboard switch is pressed after a panel 
routine is completed in a sequence of routines) the SELECTED DATA counters blank with the 
exception of a cue letter in one of the windows which will indicate the first data to be entered. 
The exact letter and window will depend on the DATA switch position. The PRESENT 
LATITUDE/LONGITUDE/WIND/NEXT DP/TIME TO TURN displays and the star ON, TEMP 
LIMIT, and TEMP TOLR indicator lights are not affected. 










c. TEMP LIMIT light - Off. 


GROUND ALIGNMENT 

Turn MODE switch to OFF if TEMP 
Prior to ground alignment, an operating LIMIT light illuminates. 
chronometer must be installed, the aircraft 
must be stationary, and the MODE switch a. TEMP TOLR light - Off, on, or 
must be OFF. Heading must be supplied flashing. 


within +28 degrees for gyrocompassing 
alignments, or +2 degrees for rapid alignment 2. MAG/GRID switch - MAG illuminated. 
by the INS or TRUE HEADING UPDATE 
procedure. 3. MODE switch - ALIGN, ASTRO 
INERTIAL, or INERTIAL ONLY. 
1, MODE switch - WARM UP. 
Allow 5 minutes in WARM-UP before 
a. MAL light - On steady. selecting an alignment mode. 


b. MODE window - Blank. 
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5. 


a. MAL light - Flashing 
b. MODE window - C/A. 


c. PRESENT LATITUDE and LONGI- 
TUDE windows - Blank. 


d. SELECTED DATA windows - Blank. 


Check GMT and Julian Day using TIME 
Display. 


If either GMT or Julian Day are in error 
replace the chronometer and restart the 
alignment. If a chronometer replace- 
ment is not available, fill DAY and TIME 
as accurately as possible. Time error 
greater than 2 seconds may result in star 
tracking but with erroneous ANS up- 
dating. If accurate star tracking cannot 
be accomplished, the ANS may be oper- 
ated in the INERTIAL ONLY Mode. 


NOTE 


The ANS may be initialized without 
TIME only if INERTIAL ONLY is 
selected and MODE START is 
depressed. 


For GYROCOMPASS alignment: MODE 
START - Press oF 
For RAPID alignment: RAPID Switch - 


Press 
a. MAL light - Off. 


b. Star ON light - Flashing when artifi- 
cial internal star is tracked. 


If coarse alignment is completed before steps 
6 through 8 are completed, MODE window 
will display ENT. 


Perform step 6 or 7: 


6 


Use aircraft heading 
HEADING UPDATE. 


for TRUE 
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Enter known, accurate aircraft true 
heading, using the TRUE HEADING UP- 
DATE procedure. 


Use INS true heading for TRUE 
HEADING UPDATE. 


Verify the INS is aligned and operating in 
NORM or NAV mode. Display INS true 
heading and insert these values into the 
ANS using the TRUE HEADING UPDATE 
routine. 


NOTE 


If the TRUE HEADING UPDATE 
routine is performed in coarse align 
or enter data, the updated true 
heading is used but will not be 
displayed until the ANS enters the 
fine align (F/A) mode. 


When TEMP TOLR light off: 


8. 


Fill present position and initial altitude 
(field elevation). 


When coarse alignment is complete: 


a. For gyrocompassing alignment, 
MODE window displays F/A for at 
least 30 minutes. 


>. For rapid alignment, MODE window 
displays F/A for at least 12 minutes. 


When the minimum alignment time has 
elapsed, present position is displayed in 
the PRESENT LATITUDE and LONGI- 
TUDE counters. After this occurs, and 
just before taxi, start navigation by per- 
forming steps 9 and 10. 


Before taxiing: 


9% 


10. 


MODE switch - ASTRO INERTIAL or 
INERTIAL ONLY. 


MODE START - Press. 


a. MODE window - A-I or I/O. 
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NOTE 


If ASTRO INERTIAL or INERTIAL 
ONLY mode was selected in step 3, 
the system automatically starts astro 
inertial or inertial only navigation, 
and the MODE window indicates A-I 
or I/O when the minimum alignment 
time has elapsed. 


If rapid alignment used and star light off: 
11. Do a RUNWAY HEADING ALIGNMENT. 
NOTE 


This step is not required if at least 
one star has been tracked (B star), 
however, this might not be evident 
unless the DATA switch was placed 
to TIME. In any case, the star on 
light (C star) indicates at least two 
different stars have been tracked 
within the past 5 minutes. 


GROUND ALIGNMENT CORRECT 


The GROUND ALIGNMENT CORRECT 
routine torques the platform to earth rate at 
the local latitude and thus removes any velo- 
city errors that may have built up during 
taxi. If it is expected that the aircraft will 
remain stationary for at least four minutes 
after the star ON light has illuminated, this 
procedure should be used. Since star tracking 
continues during ground align correct, star 
tracking data is used to correct heading and 
recompute the accelerometer null bias point. 
This procedure is normally performed after 
engine runup and before taxiing to the run- 
way. If the ANS is in the ALIGN mode during 
engine runs, inertial errors may result from 
inadvertant aircraft movement. A ground 
alignment correct need not be performed if 
the ANS is not tracking stars unless a long 
mission delay occurs. Although any built-up 
velocity errors will be removed, the acceler- 
ometer null bias point is not recomputed. 
Returning to ALIGN under this circumstance 
prevents further platform deterioration by 
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retorqueing it to local latitude earth rate, 
but any errors present will continue to affect 
the platform after this procedure until star 
tracking occurs. If ALIGN is selected from 
the INERTIAL ONLY mode and if INERTIAL 
ONLY is reselected after ground align 
correct, the first star tracked after ASTRO 
INERTIAL is selected will be an A-star. 


1, MODE switch - ALIGN. 
2. MODE START - Press. 
a. MODE window - F/A. 


Prior to start of taxi, initiate navigation by 
performing steps 3 and 4. 


3. MODE switch - ASTRO INERTIAL or 
INERTIAL ONLY. 


4. MODE START - Press. 
a. MODE window - A-I or I/O. 
NOTE 


If the ground-alignment-correct time 
is less than 10 seconds, no alignment 
correction is made. 


GROUND HOT START ALIGNMENT 


A ground hot start must be preceded by a 
ground alignment or navigation operation so 
that an accurate present position, altitude, 
and heading are stored in the computer. Fol- 
lowing the previous operation, the aircraft 
must be stationary, no tape-fill operations 
can be performed, and the MODE switch 
must be in OFF or WARMUP. Prior to the 
hot, start cooling air should be available 
(75°F) and an operating chronometer should 
be installed. If the system has not been 
turned OFF, skip to step 2. 


1. MODE switch - WARM UP. 


a. MAL light - On steady. 





a 


b. MODE window - Blank. 

c. TEMP LIMIT light - Off. 
Turn MODE switch to OFF if TEMP 
LIMIT light illuminates. 

d. TEMP TOLR light - Off, on, or 


flashing. 


MODE switch - ASTRO INERTIAL or 
INERTIAL ONLY. 


a. MAL light - Flashing. 


MODE window - C/A. 


c. PRESENT LATITUDE and LONGI- 
TUDE windows - Blank. 
d. SELECTED DATA - Blank. 


Check GMT & Julian Day using TIME 
display. 


If either GMT or Julian Day are in error, 
replace the chronometer and realign the 
ANS. If a chronometer replacement is 
not available, fill DAY and TIME as 
accurately as possible. TIME error 
greater than 2 seconds may result in star 
tracking but with erroneus ANS up- 
dating. If accurate star tracking cannot 
be accomplished, the ANS may be oper- 
ated in the INERTIAL ONLY mode. 


HOT switch - Press. 


Check True Heading and present 
position. 

NOTE 
If true heading and/or present 


position are changed (or not accur- 
ate) since previous shutdown, turn 
system OFF and perform a Rapid or 
Gyrocompass alignment. 


Use TRACK 
DP. 


LEG UPDATE for initial 


MODE window - RES, 
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8. MODE window - F/A. 


Before taxiing: 


9. MODE switch - ASTRO INERTIAL or 
INERTIAL ONLY. 
10. MODE START - Press. 


a. MODE window - A-I or 1/0. 
When aligned on runway and no "A" star: 
11. Do RUNWAY HEADING ALIGNMENT. 
Not required if at least one star has been 
tracked (flashing star ON light). 
COLD AIRSTART ALIGNMENT 
NOTE 
If a power dropout has occured, skip 
to step 3 if HOT or MODE START 
has not been pressed after power 
returns. 
1, MODE switch - OFF. 


a. All NCD panel lights & windows - 


Extinguished/Blank. 
2. MODE switch - WARM UP. 
a. MAL light - On steady. 
b. MODE window - Blank. 
c. TEMP LIMIT light - Off. 
Turn MODE switch to OFF if TEMP 
LIMIT light illuminates. 
d. TEMP TOLR light - Off, on, or 
flashing. 
3. Adjust to straight and level flight. 


Make necessary heading, altitude, and 
airspeed changes before continuing since 
the aircraft should be maintained as 
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4. 


5. 


steady as possible throughout the air 
start until the star ON illuminates, espe- 
cially during C/A. 


MODE switch - AIRSTART. 

a. MAL light - Flashing. 

b. MODE window - C/A. 
NOTE 


/O appears in the MODE window if 
chronometer time and day are not 
available. 


c. PRESENT LATITUDE & LONGI- 
TUDE windows - Blank. 


a. SELECTED DATA windows - Blank. 
MODE START - Press. 
a. MAL light - Off. 


Check GMT & Julian Day using TIME 
Display. 


If either time or day are in error, fill as 
accurately as possible. Time error 
greater than 2 seconds may result in star 
tracking but with erroneous ANS up- 
dating. 


NOTE 


If an error is made filling TIME and 
DAY, the routine may be repeated as 
long as the system is in C/A or ENT 
and the correct number of digits and 
ENTER/DISPLAY have been pressed 
first. 


If accurate star tracking cannot be 
accomplished, select INERTIAL ONLY 
and press MODE START after the MODE 
window changes to A-L If INERTIAL 
ONLY Mode is selected before C-star 
tracking, ANS present latitude and 
longitude will be DEAD RECKON 
coordinates. Monitor ANS attitude. 


Check True Heading and Update if 
required. 


An accurate True Heading should be dis- 
played during C/A since the ANS uses 
the current INS magnetic heading and 
the last computed value of A\PSIM, (this 
value normally equates to magnetic 
variation since it is the difference be- 
tween the ANS inertial true heading and 
INS magnetic heading). If a heading 
error exists in the INS, A\PSIM will be 
MAG VAR plus or minus INS heading 
error. PSIM is updated every 4 
minutes along with the DR position 
update and is also computed whenever 
ANS power is lost. If the aircraft does 
not fly through more than 1-1/2° of 
variation from the time this value is 
computed until RES appears in the 
MODE window, the ANS heading should 
be accurate enough to track stars. If 
MAG VAR is filled, the computed value 
of MAG VAR (A\PSIM) is superseded. A 
true heading error could result from 
adding a geographically accurate MAG 
VAR to an inaccurate INS magnetic 
heading. In any case filling MAG VAR 
will only change true heading and true 
heading display when in C/A. Fill MAG 
VAR has no effect on heading or heading 
display in RES or A-I. If a true heading 
update routine is performed during C/A 
or ENT, the updated true heading will 
not be displayed until RES. True heading 
may be updated and displayed in RES or 
A-L The TRUE HEADING UPDATE 
routine will override the fill MAG VAR 
routine regardless of their sequence. 
The inertial frame uses the true heading 
at the end of C/A to begin inertial 
navigation. 


The RSO has three options for true 
heading in the ANS: do nothing and let 
the last computed value of the MAG 
VAR ( A PSIM) determine the true 
heading; fill a true heading (using tanker 
heading for example); or fill MAG VAR. 
If INS heading appears normal, the first 
option is recommended. 





8. 


10. 


1. 


12. 


Fill Lat/Long of point ahead. 


Insert latitude and longitude of a point 
to be overflown at a convenient distance 
ahead, using FILL PP procedure, but do 
not press ENTER switch until step 9. 
ENTER switch - Press when over 
selected point. 


PRESENT LATITUDE and LONGITUDE 
windows continually update, using dead- 
reckon data. Dead reckon data is used 
for great-circle navigation, sensor 
control, and all ANS outputs except 
pitch and roll which are not functional 
until the completion of coarse align- 
ment. 


Use TRACK LEG UPDATE or DIRECT 
STEER as required. 


MODE window - Check for RES. 


When MODE window changes to RES, 
C/A is complete. 


a. ANS pitch, roll, and heading outputs 
are now functional and reflect iner- 
tial data. 


Internal inertial navigation begins 
and inertial heading used for DR and 
heading. 


c. Auto-Nav usable, aircraft straight 
and level. 


The autopilot can now be engaged, 
using ANS attitude reference. Any 
turns or attitude changes made 
during the RES mode will affect 
platform leveling and may prevent 
subsequent star tracking when the 
ANS goes into the A-I mode. Avoid 
engaging Auto-Nav in RES unless 
necessary. 


Use DISPLAY PRESENT POSITION pro- 
cedure to compare inertial and dead- 
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reckoning computations. Update dead- 
reckon present position using TACAN, 
viewsight, radar or PRESENT POSITION 
FILL procedures. 


MODE window - Check for A-I. 


MODE window display changes to A-I to 
indicate completion of true airspeed 
coarse leveling, beginning of star search, 
and the beginning of air-mass damping. 


FILL WIND, as necessary. 
NOTE 


Wind can be filled for use in dead- 
reckoning navigation either in an 
airstart or when dead-reckon has 
been selected. Filling wind does not 
affect inertial navigation. 


Perform FILL WIND procedure, as 
necessary, until star ON illuminates to 
keep the D.R. position accurate. 


Use the REMOTE UPDATE routine to 
correct inertial position and re-initialize 
star search if inertial errors exceed 10 
NM. 


Check star ON light. 


Acquisition of star A is indicated by 
flashing of the star ON light. When star 
B is acquired, the star ON light goes out. 
After the star ON light illuminates 
steady, inertial data is used to update all 
ANS outputs and internal dead-reckon 
data. If the autopilot is engaged in 
AUTO-NAV an aircraft maneuver will 
occur. 


Update Present Position as required. 
All inertial position error may not be yet 


removed even though the star light is 
illuminated. 
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HOT AIRSTART ALIGNMENT 


1 


2 


NOTE 


If system has not been turned OFF, 
skip to Step 2. 


MODE Switch - WARM UP. 
a. MAL light - On steady. 
b. MODE window - Blank. 
c. TEMP LIMIT light - Off. 


Turn MODE switch to OFF if TEMP 
LIMIT light illuminates. 


d. TEMP TOLR light - Off, on, or 
flashing. 


MODE switch - ALIGN, ASTRO INER- 
TIAL, INERTIAL ONLY, or AIRSTART. 


a. MAL light - Flashing. 
NOTE 


The flashing MAL light after a power 
dropout indicates power restoration 
and inertial position extrapolation 
occurs. Inertial position at the time 
power was removed is moved at TAS 
rate along the inertial heading at the 
time power was lost for a time inter- 
val equal to the period from power 
off to power on. This position extra- 
polation has nothing to do with when 
the RSO presses HOT. For 45-50 
seconds after the MAL light begins 
flashing, nothing is done with the 
platform. At the end of this period, 
platform leveling begins if HOT has 
deen pressed. 


b. MODE window - C/A. (if I/O, per- 
form a COLD AIRSTART) 


— 


3. 


4. 


6. 


NOTE 


If the MODE window display is 1/0, 
turn the system off and perform a 
COLD AIRSTART. 1/O appears in 
the MODE window if chronometer 
time and day are not available. 


c. PRESENT LATITUDE & LONG- 
ITUDE windows - Blank. 


d. Selected data windows - Blank. 


Check GMT & Julian Day using TIME 
Display. If in error, perform a COLD 
AIRSTART. 


If either time or day are in error, turn 
the MODE switch OFF and perform a 
COLD AIRSTART. Accurate position 
extrapolation cannot occur with 
erroneous time. 


Adjust to straight and level flight. 
Make necessary heading, altitude, and 
airspeed changes before continuing since 
the aircraft should be maintained as 
steady as possible throughout the 
airstart until the star ON light 
illuminates, especially during C/A. 
HOT switch ~ Press. 
a. MAL light - Off. 
b. Present position windows - DR data. 
c. Platform leveling is enabled. 
FILL WIND, as necessary. 

NOTE 
Wind can be filled for use in dead- 
reckoning navigation either in an 
airstart or when DEAD-RECKON has 


been selected. Filling wind does not 
affect inertial navigation. 
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Perform FILL WIND procedures as 
necessary until the star light illuminates 
to keep DR position as accurate as 
possible. 


Check True Heading 
required. 


and Update if 


True Heading during C/A is INS heading 
and the last computed value of magnetic 
variation (APSIM). This heading is 
used to drive the extrapolated Inertial 
position as well as the Dead Reckon 
position. Operation, display, and update 
of True Heading during C/A, RES, and 
A-Lis identical to that during the COLD 
AIRSTART. 


Perform 
DIRECT 


Check current track leg - 
TRACK LEG UPDATE or 
STEER, if required. 


NOTE 


An Auto Track Leg Update is 
initiated to the track leg on which 
the hot airstart is performed. If a 
direct steer had been performed on 
the leg on which the airstart is 
attempted then initialization will be 
to DP l. SKIP TO operations 
initiated before a hot airstart are not 
retained. 


MODE window - Check for RES. 


When MODE window display changes to 
RES, C/A is complete. 


a. ANS pitch, roll, and heading outputs 
are now functional and reflect Iner- 
tial data. 


b. Internal inertial navigation begins 
and inertial heading used for DR and 
heading. 


c. Auto-nav usable, aircraft straight & 
level. 


The autopilot can now be engaged, 
using ANS attitude reference. Any 
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turns or attitude changes made 
during the RES mode will affect 
platform leveling and may prevent 
subsequent star tracking when the 
ANS goes into the A-I mode. Avoid 
engaging Auto-Nav in RES unless 
necessary. 


NOTE 


If the platform precesses beyond 2- 
1/2° of tilt from the time power is 
removed until the time platform 
leveling is enabled, the ANS will 
probably not come out of.C/A into 
RES mode in a reasonable period of 
time and a COLD AIRSTART will 
have to be performed to level the 
platform. 


10. MODE window - A-I. 


MODE window display changes to A-I to 
indicate completion of true airspeed 
coarse leveling, and the beginning of star 
search, and air-mass damping. 


NOTE 


Even if the MODE switch is in 
ALIGN, INERTIAL ONLY, or AIR- 
START when HOT is pressed, the 
system will automatically go into 
ASTRO INERTIAL mode during a 
HOT AIRSTART. 


11, Check star ON light. 


Acquisition of star A is indicated by 
flashing of the star ON light. When star 
B is acquired, the star ON light goes out. 
After the star ON light illuminates 
steady, inertial data is used to update all 
ANS outputs and internal dead-reckon 
data. If the autopilot is engaged in 
AUTO-NAV, an aircraft maneuver will 
occur. 


SELECT DEAD RECKON MODE 


The DEAD RECKON mode can be selected 
any time in flight. 
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1. MODE switch - DEAD RECKON. 
2. MAG/GRID switch - MAG. 
3. MODE START - Press. 

a. MAL light - Off. 


If on, refer to Emergency Pro- 
cedures paragraph. 


b. MODE window - D/R. 


4. True Heading - Check, fill Mag Var as 
required. 


Check true heading. Fill MAG VAR as 
required to keep the true heading as 
accurate as possible. When the DEAD 
RECKON mode is initially entered, mag- 
netic variation should not have to be 
filled since the true heading will be the 
last computed value of APSIM (the diff- 
erence between the ANS inertial true 
heading and INS magnetic heading). 


5. Fix and Update Present Position as re- 
quired. 


Fill present position if DEAD RECKON 
is selected from OFF or WARM UP. 


6. FILL WIND, as necessary. 


NOTE 


Wind can be filled for use in dead- 
reckoning navigation either in an air 
start or when dead-reckon has been 
selected. Filling wind does not 
affect inertial navigation. 


PRESENT LATITUDE and LONGITUDE wind- 
ows are clear until filled if DEAD RECKON 
is selected from OFF or WARM UP, or during 
a "cold" airstart. Otherwise, the PRESENT 
LATITUDE and LONGITUDE counters are 
continuously updated from their initial 
reading as soon as MODE START is pressed. 
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The ANS assumes 0 degrees roll and 6 
degrees pitch when VIEWSIGHT PP UPDATE 
procedure is performed in the DEAD 
RECKON mode; therefore, the aircraft 
should be straight-and-level for viewsight 
fixpoints. If another operate mode is 
selected from DEAD RECKON, even prior to 
star ON light illumination in a "cold" or "hot" 
airstart, dead-reckon position and magnetic 
variation are updated to inertial data at 4- 
minute intervals in the new mode. 


RUNWAY HEADING ALIGNMENT 


The aircraft should be aligned with runway 
centerline. MODE switch must be in ASTRO 
INERTIAL or INERTIAL ONLY position. 
MODE window display must match MODE 
switch position. A heading correction will be 
inhibited if star B was successfully acquired 
as the first star after ground alignment. 


1. DATA switch - HEADING, 


2. Runway True Heading - Enter (XXx° 
XX.X) 


Enter known runway true heading in de- 
grees (three digits), minutes (two digits), 
and tenths of minutes (one digit). 
Entered data appears in SELECTED 
DATA 4 window. 


3. MODE START - Press. 


Press just before takeoff roll. 


At liftoff: 

4. Check ANS computed True Heading in 
SD-1 window. 
At aircraft lift-off, average ANS 


heading appears in degrees (three digits), 
minutes (two digits), and tenths of min- 
utes (one digit). 

Perform step 5 or 6: 


5. UPDATE switch - Press. 
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Press to incorporate difference between 
average ANS and runway headings. 


6. MAN CLEAR switch - Press. 
NOTE 


If computed runway heading does not 
appear in SD-1 window at lift-off, 
the takeoff switch has probably 
failed; in this case, press MAN 
CLEAR to terminate the procedure. 


FILL PRESENT POSITION 
AND INITIAL ALTITUDE 


In any “operate” mode, when MODE window 
displays C/A, ENT, RES, A-I or D/R for other 
than initial fill for ground align. 


NOTE 


Either magnetic variation or true 
heading must be entered for ground 
alignment prior to FILL PRESENT 
POSITION and INITIAL ALTITUDE or 
an ERR indication will appear after 
ENTER is pressed. 


If present position is filled in flight, position 
coordinates should be those that will exist 
when ENTER is pressed. Any present 
position filled after the COARSE ALIGN 
(C/A) phase: will be entered into the dead 
reckon reference frame. 


If not a ground Alignment, do steps 1, 2, 3, & 
St 


1, DATA switch - PRES POSITION. 

2. Fill Latitude (N/S XX°XX.XX') 
Enter N or S position latitude in degrees 
(two digits), minutes (two digits), and 


hundredths of minutes (two digits). 
Entered data appears in SD-1 window. 
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3. Fill Longitude (E/W XXX°XX.XX') 


Enter E or W position longitude in de- 
grees (three digits), minutes (two digits), 
and hundredths of minutes (two digits). 
Entered data appears in SD-4 window. 


4. Local Field Elevation - Enter (XXX) in 
hundred feet. 


Entered data appears in SD-3 window. 
5, ENTER switch - Press. 
FILL WIND 


MODE switch in any "operate" mode. MODE 
window displays any mode. 


1, DATA switch - TEST. 

2 Wind direction - Enter (KXX°). 
Entered data appears in SD-5 window. 

3. Wind speed - Enter (XXX). 


Enter wind speed in knots (three digits). 
Entered data appears in SD-6 window. 


4. ENTER switch - Press. 
FILL DAY AND TIME 


Day and time may be filled only when the 
ANS is in COARSE ALIGN. Attempting to 
enter day/time in any other mode will result 
in ERR in the MODE window. 


NOTE 


The MODE window normally reads 
C/A or ENT when the ANS is in the 
C/A mode. Whenever the ANS has 
power restored after a power loss and 
chronometer day and time are not 
available, the ANS will be in the C/A 
mode although the MODE window 
will read I/O and the MAL light will 
be flashing. 
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1, DATA switch - TIME. 


Julian Day - Enter (fXXX) 


Enter Julian day of year (four digits). 
Entered data appears in SD-6 window. 


NOTE 


Fill Julian day to correspond with 
GMT. 


3. GMT - Enter (XX hr, XX min, XX sec). 


Entered data appears in SD-1 window. 
4. 


ENTER switch - Press & release at time 
hack. 


Filled day and time are entered when the 
ENTER switch is released. 


NOTE 


If an error is made in filling day and 
time the routine may be repeated as 
long as the correct number of digits 
and ENTER have been pressed first. 
If the MAL light is flashing in C/A 
and an error is made in filling day 
and time which results in ERR in the 
MODE window, press MAN CLEAR 
and reenter data. 


FILL DAY 

If a chronometer has the correct time but the 
wrong Julian Day, then a FILL DAY routine 
will be required during COARSE ALIGN to 
permit accurate star tracking. 

1. DATA switch - TIME. 

2. Julian Day - Enter (PXXX). 


3. ENTER switch - Press. 


FILL MAGNETIC VARIATION 
In any "operate" mode: 


1. DATA switch - HEADING. 


2. Variation - Enter (E/W XXX°XX.X’). 


Entered data appears in SD-4 window. 
ENTER switch - Press. 
NOTE 


This routine is only functional if the 
system is in the MAG mode. 


HEADING UPDATE 
In any “operate” MODE: 


1. DATA switch ~- HEADING. 


2 True Heading - Enter (XKXX°XX.X’). 


Entered data appears in SD-4 window. 


3. UPDATE switch - Press. 

If this procedure is performed during the 
coarse align mode, entered value of heading 
will be used to initialize system true heading. 
If performed during fine align or any navigate 
mode, entered value will replace existing 
true heading. 


NOTE 


Unless the system is in C/A, the ANS 
will accept a maximum heading 
update change of 28°, For an update 
change greater than 28 the routine 
will “have to be repeated until the 
desired heading to be updated is 
within 28° of the system's last known 
heading. 


Poa 
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PRESENT POSITION UPDATE, 
USING REMOTE SOURCE DATA 
(REMOTE UPDATE) 


The maximum allowable correction is 90 nau- 
tical miles. The correction always goes to 
the inertial frame regardless of system mode. 
A dead-reckoned position cannot be updated 
by this procedure. The correction moves the 
inertial frame by the desired amount, i.e., if 
the aircraft is 0.5 nm south of the known 
location, a remote update of N0000.50 should 
be performed. 


In any "operate" mode: 
1, DATA switch - PRES POSITION. 


2. N or S Correction - Enter (N/S 0OOXX.XX 
nm), 


Entered data appears in SD-1 window. 
(E/W 


3. E or W Correction - Enter 


000XX.XX nm). 

Entered data appears in SD-4 window. 
4. UPDATE switch - Press. 
PRESENT POSITION UPDATE, 
USING RADAR WITH RCD 
MODE: ASTRO INERTIAL, INERTIAL ONLY, 
DEAD RECKON, or AIRSTART; MODE 
window displays any mode except F/A or 
ENT. 
1, MOT switch - Press, S light On. 


2. Radar crosshair - Place over ANS L 
mark intersection. 
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NOTE 


As the aircraft passes abeam the 
programmed fixpoint, the MARK 
light appears at the bottom center of 
the RCD screen. This alerts the RSO 
of the impending L-mark, The light 
will remain illuminated for approxi- 
mately 50 seconds after marker 
appearance. The light goes out when 
the L-mark is in the approximate 
center of the screen. 


3. RCD Zero Control - Press, WAIT 
illuminated. 
WATT illuminates for 5 seconds. During 


this time do not move crosshair controls. 
When WAIT extinguished: 
4. Radar crosshair - Place over fixpoint. 
5. READ ERR switch - Press. 

a. North or south ANS-computed error 
in nautical miles (two digits), and 
hundredths of miles (two digits) 
appears in SD-1 window. 

b. East or west ANS-computed error in 
nautical miles (two digits), and 
hundredths of miles (two digits) 
appears in SD-4 window. 

6. MOT switch - Press, R light On. 
Do step 7 or 8 
7. UPDATE switch - Press. 


Automatically updates present position. 


SECTION IV 


8. MAN CLEAR switch - Press. 
Bypasses updating of present position. 
NOTE 
The ANS automatically sequences to 
the following FP when the L mark is 
sent to the RCD, except on Anytime 
radar FPs when the sequencing oc- 
curs 24 nm past the FP. 


PRESENT POSITION UPDATE, USING 
VIEWSIGHT 


MODE: ASTRO INERTIAL, INERTIAL ONLY, 
DEAD RECKON, or AIRSTART; MODE 
window displays any mode except F/A or 
ENT. 


1, Magnification - Select desired field of 
view. 


2. Viewsight Cursor - Align with fixpoint. 
When fixpoint under nadir: 
3. READ switch - Press. 

a. North or south ANS-computed error 
in nautical miles (two digits), and 
hundredths of miles (two digits) 
appears in SD-1 window. 

b. East or west ANS-computed error in 
nautical miles (two digits), and hun- 
dredths of miles (two digits) appears 
in SD-4 window. 

Do step 4 or 5. 
4. UPDATE switch - Press. 

Automatically corrects present position. 
5. MAN CLEAR switch - Press. 

Bypasses updating of present position. 


The ANS automatically sequences to the fol- 
lowing FP 17.25 nm past a viewsight FP. 
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PRESENT POSITION UPDATE, 
USING TACAN (TAPE 

FILLED POINT) 

In any “operate” mode: 

1, BDHI HDG Select switch - INS. 


2. BDHI No 
TACAN. 


1 needle select switch - 


3. Use Display Next FP, or 
Selected FP procedure. 


Display 


4. TACAN switch - Press. 


Press when TACAN system values have 
been noted on BDHI, All SELECTED 
DATA displays will clear. 


5. TACAN mag bearing value - 
(XxX). 


Enter 


Enter TACAN value of magnetic bearing 
from aircraft to station in degrees (three 
digits). Entered data appears in SD-5 
window. 


6. TACAN slant range value - Enter (XXX 
nm). 


Entered data appears in SD-6 window. 
7. ENTER switch - Press. 

a. SD-1 window displays north or south 
ANS computed error in nm and hun- 
dredths of miles. 

b. SD-4 window displays east or west 
computed error in nm and 
hundredths of miles. 

Do step 8 or 9: 
8. UPDATE switch - Press. 
Automatically updates present position. 


9. MAN CLEAR switch - Press. 


ya 





Bypasses updating of present position. 


The ANS automatically sequences to the 
next FP when 17.25 nm past a TACAN 
FP. 


PRESENT POSITION UPDATE, USING 
TACAN (ANYTIME TACAN FP) 


In any "operate" mode: 


1 
2 


3. 


4. 


5. 


BDHI HDG select switch - INS. 


BDHI No. 
TACAN. 


1 needle’ select switch - 


DATA switch - FIX POINT. 


Fixpoint Latitude - Enter (N/S 


XX°XX.XX) 


Enter N or S and latitude of fixpoint in 
degrees (two digits), minutes (two 
digits), and hundredths of minutes (two 
digits), Entered data appears in SD-1 
window. If any of the sensor operation 
indicator lights are illuminated, they 
extinguish when N or S is pressed. The 
automatic sensors continue to operate 
normally during the add anytime TACAN 
fixpoint routine. 


Fixpoint Longitude - 
XXX°XX.XX) 


Enter (E/W 


Enter E or W and longitude of fixpoint in 
degrees (three digits), minutes (two 
digits) and hundredths of minutes (two 
digits). Entered data appears in SD-4 
window. 


Fixpoint Elevation - Enter (XXX). 

Enter elevation of fixpoint in hundreds 
of feet (three digits). Entered data 
appears in SD-3 window. 


Variation - Enter (E/W XX.XX°). 


fe ees 
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10. 


11. 


12. 
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Enter E or W magnetic variation of 
TACAN station in degrees and tenths of 


degrees of arc as follows: E or 
WXX.XX°, Entered data will appear as 
follows: 


a. E/W in SD-5 window. 


b, Tens, units, and tenths of degrees in 


SD-5 window following E/W. 
Hundredths of degrees is not 
displayed. 

NOTE 


The maximum value of magnetic var- 
iation which can be entered is 99.99°. 
ANYTIME TACAN fixpoints cannot 
be used if actual magnetic variation 
exceeds this value. 





ENTER switch - Press. 


a. SD-2 window displays computed 
TACAN slant range. 


b. SD-5 window displays computed 
TACAN bearing. 


TACAN switch - Press. 

Press when TACAN system values have 
been noted on BDHI. All SELECTED 
DATA displays will clear. 


TACAN mag bearing value - Enter 
(XXX°) 
Enter TACAN value of magnetic bearing 
from aircraft to station in degrees (three 
digits), Entered data appears in SD-5 
window. 


TACAN slant range value - Enter (KXX 


nm). 

Entered data appears in SD-6 window. 
ENTER switch - Press. 

a. SD-1 window displays north or south 


ANS computed error in nm and hun- 
dredths of miles. 
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b, SD-4 window displays east or west 
ANS computed error in nm and hun- 
dredths of miles. 


Do step 13 or 14: 
13. UPDATE switch - Press. 
Automatically updates present position. 
14. MAN CLEAR switch - Press. 
Bypasses updating of present position. 
The ANS automatically sequences to the 
next FP when 17.25 nm past a TACAN 
FP. 
RECALL ANYTIME TACAN FIXPOINT 
MODE in any “operate” mode; an ANYTIME 
TACAN FIXPOINT must have been previously 
entered using the TACAN (ANYTIME TACAN 
FP) procedure. If more than one ANYTIME 
TACAN FIXPOINT has been entered, the last 
entered fixpoint will be recalled. Verify that 
the proper TACAN station is selected and 
that the TACAN T/R mode is set. 
1, BDHI HDG select switch - INS. 


2. BDHI No. 
TACAN. 


1 needle select switch - 


3. DATA switch - FIX POINT. 


4. RECALL switch - Press. 


NOTE 


Step 4 will recall the last entered 
ANYTIME TACAN FIXPOINT. If 
there is none, the MODE window in- 
dicates ERR. 


5. TACAN switch - Press. 
Press when TACAN system values have 


been noted on BDHI. All SELECTED 
DATA displays clear. 
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6. TACAN mag bearing value - 
(xxx), 


Enter 


Enter TACAN value of magnetic bearing 
from aircraft to station in degrees (three 
digits). Entered data appears in SD-5 
window. 


7. TACAN slant range value - Enter (XXX 
nm). 





8. ENTER switch - Press. 

a. SD-1 window displays north or south 
ANS computed error in nm and hun- 
dredths of miles. 

b. SD-4 window displays east or west 
computed error in nm = and 
hundredths of miles. 

Do step 9 or 10: 
9. UPDATE switch - Press. 


Automatically corrects present position. 


10. MAN CLEAR switch - Press. 


Bypasses updating of present position. 
The ANS automatically sequences to the 
next FP when 17.25 nm past a TACAN 
FP. 
PRESENT POSITION UPDATE, 
USING OPPORTUNITY 
VIEWSIGHT FIXPOINT 
MODE in any “operate” mode; MODE window 
indicates any mode except C/A, F/A, or 
ENT. 
1. Magnification - Set desired field of view. 
2. Viewsight cursor - Align with fixpoint. 
When Fixpoint under nadir: 


3. READ switch - Press. 


az. 


4. 


5. 


6. 
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a. SD-1 window - Meaningless number. 
b. SD-4 window - Meaningless number. 


Fixpoint Latitude - 
XX°XX.XX). 


Enter (N/S 


Entered data appears in SD-1 window. 


Fixpoint longitude - (E/w 


XXX°XX.XX) 


Enter 


Entered data appears in SD-4 window. 


Fixpoint Elevation - Enter (XXX) in 
hundreds of feet. 


Entered data appears in SD-3 window. 
ENTER switch - Press. 


a. North or south ANS computed error 
in nautical miles (two digits) and 
hundredths of miles (two digits) 
appears in SD-1 window. 


b. East or West ANS computed error in 
nautical miles (two digits) and hun- 
dredths of miles (two digits) appears 
in SD-4 window. 


NOTE 


If an error is made when entering 
data (other than entering too many 
digits) press ENTER pushbutton and 
re-enter all data. If MODE window 
displays ERR press MAN CLEAR to 
terminate procedure and bypass 
present position update. 


Do step 8 or 9: 


8. 


9 


UPDATE switch - Press. 
Automatically updates present position. 
MAN CLEAR switch - Press. 


Bypasses updating of present position. 


a. 
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TRACK LEG UPDATE 


MODE switch in ASTRO INERTIAL, 
INERTIAL ONLY, DEAD RECKON, or AIR 
START position; MODE window displays any 
mode. 


1. DATA switch - DEST POINT or 
MAL. 


NOR- 


2. Enter point - ID code (five digits) of 
start DP on desired track leg. Last four 
entered digits appear in SD-6 window, 
(first digit, always zero, replaces letter 
P with D). 


3. UPDATE switch - Press. 
DIRECT STEER 
In any “operate” mode: 


1. DATA switch - DEST POINT or NOR- 
MAL. 


For direct steer to tape-filled or panel-filled 
DP: 


2. Enter five digit ID code of DP in 
memory (tape-filled or panel-filled). 
Last four entered digits appear in SD-6 
window. 


3. DIR STEER switch - Press. 
For direct steer to new DP: 


4. Enter latitude of new DP in degrees (two 
digits), minutes (two digits), and hun- 
dredths (two digits). Entered data ap- 
pears in SD-1 window. 


5. Enter longitude of new DP in degrees 
(three digits) minutes (two digits), and 
hundredths (two digits). Entered data 
appears in SD-4 window. 


6. DIR STEER switch - Press. 
The ANS automatically proceeds to the next 


great-circle leg if Direct Steer DP is in 
memory. The ANS commands a constant 35 
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degree, right wing down turn upon passing a 
new Direct Steer DP, or a DP with no next 
leg. 


SKIP TO DP 
In any "operate" mode: 


1. DATA switch - DEST POINT or NOR- 
MAL, 


2. Enter five digit ID code of DP to be 
skipped to. Last four digits appear in 
SD-6 window. 


3. SKIP TO switch - Press. 


DELETE FP, CP, AND DP 
(40-LIST)/CLEAR 40 LIST 


This procedure permits deleting points from 
the 40-List (panel-filled Add/Replace points). 
After a point is deleted the vacated space 
may be reused. In any "operate" mode: 


Do steps 1, 2, & 4 for single point deletion. 
Do steps 1, 3, & 4 to clear entire 40-list. 


1. DATA switch - 
POINT, CONT PT. 


DEST POINT, FIX 


2. Enter ID code (five digits) of FP, CP or 
DP to be deleted. All digits appear in 
SD-6 window. 


3. ID CODE 99999 - Enter. 

4. DELETE switch - Press. 

ADD ANYTIME FIXPOINT 

Normally, this procedure is followed closely 
by a Present Position Update procedure, 
using the Radar or Viewsight. It can only be 
used on the existing leg, as no ID code is 
established for the Anytime Fixpoint. 


In any "operate" mode: 


1. DATA switch - FIX POINT. 


2 int Latitude - Enter (N/S 
XX°XX.XX). 
Entered data appears in the SD-1 
window. 
NOTE 
If any of the sensor operation 


indicator lights are illuminated, they 
extinguish when N or S is pressed. 
The automatic sensors continue to 
operate normally during the add 
Anytime Fixpoint routine. The SLR 
light illuminates if an add Anytime 
radar fix is displayed after all data is 
entered (After step 6). None of the 
sensor operation indicator lights 
illuminate if an add anytime 
viewsight fix is displayed. 


3. Fixpoint Longitude - 


oi Enter (E/W 
XXX°XX.XX'). 


Entered data appears in SD-4 window. 


4. Fixpoint Elevation - Enter (XXX). 


Enter the terrain elevation of the 
fixpoint in hundreds of feet (three 
digits). For example, 12,500 feet is 
entered as 125. Entered data appears in 
the SD-3 window. 


For Radar Fixpoint, do steps 5 and 6: for 
Viewsight Fixpoint, skip to step 6. 


5. SLR code - Enter near edge range (L/R 
XX.0). 


Last entry must be zero. Entered data 
appears in SD-5 window. 


6. ENTER switch - Press. 
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NOTE 


The DATA switch may now be used 
to display other than fixpoint data. 
If returned to FIXPOINT and ENTER 
before the fixpoint, anytime fixpoint 
data will be retained and displayed. 
The fix may be taken with the DATA 
switch in NORMAL. The viewsight 
or radar opportunity fix must still be 
taken on the leg during which it was 
entered. Existing FPs will be inhib- 
ited until the Anytime FP is passed. 


ADD OR REPLACE FP, CP, DP 


NOTE 


© For DP's perform steps 1 through 
4, then 9 and 10. 


o For CP's, perform steps 1 
through 5, then 6, 7, 8 and 10. 


o For FP's, perform steps 1 
through 5, and 10. Also do step 
6 for radar FP's. 


In any "operate" mode: 


1 


2 


DATA switch - DEST POINT, FIX 
POINT, or CONT PT. 


Enter ID code (five digits) of FP, CP, or 
DP to be added or replaced. All entered 
digits appear in SD-6 window. 


NOTE 


© OXXXX Point No. displays 
DXXXX, FXXXX, or CXXXX, 
1XXXX Point No. displays 
FIXXXX or C1XXXX. Only 
zero allowed for first digit of 
DP. 


o If a FP is added to be used 
immediately (Add-Anytime FP) 
do not enter an ID code number. 
All other FPs in memory will be 
inhibited until the added FP is 
passed. 
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3. Enter N or S and latitude of added or 
replaced point in degrees (two digits), 
minutes (two digits), and hundredths 
minutes (two digits). Entered data ap- 
pears in SD-1 window. 


4. Enter E or W and longitude of added or 
replaced point in degrees (three digits), 
minutes (two digits), and hundredths 
minutes (two digits). Entered data ap- 
pears in SD-4 window. 


Skip to step 9 if entered point is a DP; 
continue with step 5 if point is CP or FP. 


5. Enter terrain elevation of FP or CP in 
hundreds of feet (three digits). Entered 
data appears in SD-3 window. 


Skip to step 10 for viewsight FPs. Perform 
step 6 for radar FPs and CPs or step 7 for 
camera CPs. 


6. SLR code - Enter near edge Range (L/R 
XX.0). 


Last entry must be zero. Entered data 
appears in SD-5 window. 


7. Press RIGHT or LEFT pushbutton and 
enter camera CP code (L/R plus 000). 
Entered data appears in SD-5 window. 


Skip to step 10 for radar FP's. 


8. For all CPs enter sensors on-off code 
(three digits). First entered digit is LH 
TECH camera, second is RH TECH cam- 
era, and third digit is SLR. Enter 0 for 
off at CP, and 1 for on at CP. Corre- 
sponding sensor operation indicators illu- 
minate to indicate sensor selection for 
the CP. 


If a Fixed-Range-To-Turn is desired: 

9. Enter turn radius of added or replaced 
DP in nm (three digits). Entered data 
appears in SD-3 window. 


10. ENTER switch - Press. 


ER: oss 
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NORMAL DISPLAY 

In any "operate" mode: 

1. DATA switch - NORMAL. 

2. DISPLAY switch - Press. 

a. SD-1 window displays letter Z and 

GMT in hours (two digits), minutes 
(two digits), and seconds (two 
digits). 


b. SD-2 window displays letter T and 
true airspeed in knots (XXXX). 


¢. SD-3 window displays letter F or Fl 
and next FP (four digits). 


d. SD-~4 window displays R or L and 
cross track error in nautical miles 
(XXX.X). 


e. SD-5 window displays letter G and 
ground speed in knots (KXXX). 


f, SD~6 window displays letter C or C1 
and next CP number (four digits). 


g- Sensor indication lights illuminate 
when the associated sensor is pro- 
grammed on. 

DISPLAY SELECTED FP, CP, DP 
In any “operate” mode: 


1. DATA switch - DEST POINT, FIX 
POINT, or CONT PT. 


2. Enter ID code (five digits) of desired FP, 
CP, or DP. 


SD-6 window displays all entered digits 
(except first digit). 


3. DISPLAY switch - Press. 


a. SD-1 window displays latitude of 
selected point. 
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b. SD-2 window displays letter R and 
slant range to selected point if 
TACAN, great circle range to CP or 
FP, or great circle range to DP. 


c. SD-3 window displays letter E and 
terrain elevation of selected FP or 
CP. For DP, letter K and turn 
radius is displayed (255 nm max). 


d. SD-~4 window displays longitude of 
selected point. 


e. SD-5 window displays L or R and 
relative bearing (four digits) to a 
selected CP or DP; or lettér B and 
magnetic bearing in degrees (four 
digits), to TACAN FP. 


f. SD-6 window displays data code of 
selected point. 


g. L/R TECH and SLR lights illuminate 
to indicate sensor activity at 
selected FP or CP. The SLR light is 
not illuminated during display of 
viewsight fixpoints. 


DISPLAY NEXT FP, CP, DP 


MODE switch in ASTRO-INERTIAL, INER- 
TIAL ONLY, DEAD RECKON, or AIR START 
position; MODE window displays any mode. 


1. DATA switch - DEST POINT, FIX 
POINT, or CONT PT. 


2. DISPLAY switch - Press. 


a. SD-1 window displays latitude of 
next FP, CP, or DP. 


b. SD-2 window displays letter R and 
slant range to TACAN FP, along 
track range for radar or viewsight 
FP or CP and along track range to 
turn start point (TSP) for DP (which 
includes the computed range around 
a closed loop turn). 





f. 
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SD-3 window displays letter E and 
terrain elevation of next FP or CP, 
in hundreds of feet. For DP, letter 
K and turn radius is displayed (255 
NM max). 


SD-4 window displays longitude of 
next FP, CP, or DP. 


SD-5 window displays L or R and 
relative bearing in degrees (four 
digits) to next viewsight or radar 
FP, CP, DP, or letter B and mag- 
netic bearing in degrees (four digits) 
to next TACAN FP. 


SD-6 window displays data code of 
next FP, CP, or DP. 


L/R TECH and SLR lights illuminate 
to indicate sensor activity at next 
FP or CP. The SLR light is not 
illuminated during display of view- 
sight fixpoints. 


NOTE 


If there is no next FP or CP on 
the current leg, SD-2 window 
displays zero range and other 
displayed data will be for the 
preceding FP or CP. If there 
was no preceding FP or CP, all 
SELECTED DATA windows 
except 5 display all zeros. The 
SD-5 window displays bearing to 


zero latitude and longitude 
coordinates. 
If DATA switch is in DEST 


POINT and LOOK THRU switch 
is pressed: 


1) SD-1 window displays lati- 
tude of DP after next DP. 


2) SD-2 window displays range 
to DP after next DP. 
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3) SD-3 window displays turn 
radius of DP after next DP. 


4) SD-4 window displays longi- 
tude of DP after next DP. 


5) SD-5 window displays time 
to DP after next DP (four 
digits) in minutes and 
tenths, 


6) SD-6 window displays the 
DP number after next DP. 
If no DP exists after next 
DP, SD-6 window displays 
D0000 and all other SE- 
LECTED DATA windows are 
blank. 


DISPLAY DAY OF YEAR/STAR DATA 


In any “operate” mode: 


1 
2 


DATA switch - TIME. 


DISPLAY switch - Press. 


b 


c 


f. 


SD-1 window displays letter Z and 
GMT in hr., min, sec. 


SD-2 window displays letter S and 
star number. 


SD-3 window displays the scan rate 
code of the star-tracking telescope 
(R1, R2, R3 or R4). 


SD-~4 window displays letter T and 
time in star search in min. and sec. 


SD-5 window displays letter A and 
number of stars acquired. 


SD-6 window displays letter D and 
Julian date. 
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DISPLAY PRESENT POSITION 
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NOTE 


Julian day Display changes after 2400 
GMT and may read any value from 0 
to 511. Day values greater than 365 
allow next calendar year usage of the 
star catalog in the computer. 1 


MODE switch: ASTRO INERTIAL, INERTIAL 
ONLY, DEAD RECKON, or AIR START; 
MODE window displays any mode. 


DATA switch - PRES POSITION. 


2. DISPLAY switch - Press. 
DISPLAY HEADING 
a. SD-1 window displays N or S lati- 
tude of alternate frame in degrees 
(two digits), minutes (two digits), 
and hundredths of minutes (two dig- 
its). 


In any “operate mode": 
1. DATA switch - HEADING. 


2. DISPLAY switch - Press. 
b. SD-2 window is blank. 
a. SD-1 window displays letter V and 


ground track in degrees (three ¢. SD-3 window displays letter A and 


digits), minutes (two digits), and 
tenths of minutes (one digit). 


ANS altitude (three digits) (flight 
level). 


b. SD-2 window displays letter G and d. SD-4 window displays E or W longi- 
computed grid heading in degrees tude of alternate frame in degrees 
and tenths of degrees (four digits). (three digits), minutes (two digits), 

and hundredths of minutes (two dig- 

c. SD-3 window displays letter C and its). 
the chart convergence factor (four 
digits) (1.000 max). e. SD-5 window displays letter S and 

sun angle in degrees and tenths 

d. SD-4 window displays letter T and (three digits). 
true heading in degrees (three 
digits), minutes (two digits), and f,  SD-6 window is blank. 
tenths of minutes (one digit). 

PRESENT DISPLAY 
NOTE A. PRESENT LATITUDE window displays 
present N/S latitude in degrees and min- 

Displayed true heading is ANS utes (four digits). 


inertial data except that INS data is 

used in dead-reckon mode and in B. 
ground and cold airstart coarse 
alignments until a heading update is 
performed. 


PRESENT LONGITUDE window displays 
present E/W longitude in degrees and 
minutes (five digits). 


NOTE 
e. SD-5 window displays E/W magnetic 

variation (four digits). Window displays are blank until 
completion of F/A, at which time 
primary coordinates are displayed 


depending on MODE switch position. 


f. SD-6 window displays letter M and 
magnetic heading (three digits). 
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C. WIND DIR window displays present wind 
direction in degrees (three digits). While 
on the ground with ANS operating but 
not calculating, and if wind direction is 
not filled, the WIND DIR counter 
plays 000. 





D. WIND VEL window displays present wind 
velocity in knots (three digits). While on 
the ground with ANS operating but not 
calculating, the WIND VEL counter dis- 
plays 0. 


E, TIME-TO-TURN window displays the 
time to turn in hours, minutes, and sec- 
onds (five digits). The TIME-TO-TURN 
window displays 0 until the aircraft 
moves. 


F. RANGE TO DP (NM) window displays the 
range to the next destination point, 
shown in the NEXT DP window (four 
digits). Until the present position has 
been filled, the RANGE TO DP (NM) 
window will be blank. 


G. NEXT DP window displays the next des- 
tination point identification number 
(four digits). The first (left) digit is blank 
if the DP is not an added point, or the 
actual ADD NUMBER (1 thru 7) if the 
DP is an added point. Until present 
position has been filled, the NEXT DP 
window will be blank. 


DISPLAY TAPE NUMBERS 
In any “operate” mode: 

1. DATA switch - TEST. 

2, DISPLAY switch - Press. 


a. SD-1 window displays letter I and 
main program tape number, (six 
digits) representing tape number, 
mod number, and correction 
number. 


b. SD-2 window displays * or A thru Z 
or a thru e and mission tape number 
(three digits). 
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c. SD-3 window displays letter G and 
general instrument constants tape 
number (three digits). 


d. SD~4 window is blank. 


e. SD-5 window displays letter S and 
star catalog type as follows: 


SYY1 - Normal (worldwide) 
SYY2 - Trainer 

Where YY=last two digits of the 
year. 


f. SD-6 window displays letter T (test) 
and 0. 


ANS MALFUNCTION PROCEDURES 


The ANS provides warning indications of 
some malfunctions or conditions external to 
the ANS that could lead to an ANS malfunc- 
tion. All malfunctions are not detected, so 
the crew should not depend entirely on 
warning indications. 


Temperature Limit/Tolerance Indicator 


The LIMIT portion of the indicator is 
unlighted when temperatures within the ANS 
are normal. The red LIMIT can illuminate 
either steady or flashing. A steady light 
indicates that the temperature of the astro- 
inertial instrument housing or the cooling air 
at the computer inlet is above nominal limits. 
Steady illumination after initial turn-on is 
caused by system over-temperature. A 
flashing light indicates that ANS cooling air- 
flow is less then 2.5 pounds per minute. To 
prevent damage, turn the ANS off when the 
temperature LIMIT indicator comes on. 


When the LIMIT light illuminates, the RSO's 
annunciator panel ANS FAIL light, and the 
pilot's annunciator panel ANS REF caution 
light illuminate. 


When the TEMP TOLR light is unlighted, the 
platform temperature is in the range for 
optimum system performance. The amber 
TOLR light illuminates either steady or 
flashing. Steady illumination signifies that 
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platform temperature is below normal. A 
flashing light signifies that temperature is 
above normal. 

Figure 4-18 lists ANS temperature warning 


indications, conditions and recommended 
actions. 


TEMP LIMIT Light Iluminates 
1, Check ECS system. 
If L or R air system failed: 


a. Complete L or R Air System Out 
procedure. 


If L or R air system off for landing: 
b. Check cockpit air off (forward). 
If TEMP LIMIT light remains illuminated: 
A2. ATT REF switch - INS. 


DISPLAY MODE SEL switch - Other 
than ANS, 


BDHI HDG SELECT switch - INS. 
© MODE switch - OFF. 





If the TEMP LIMIT light cannot be 
extinguished, turn the MODE switch 
OFF to avoid damage to the ANS. 


TEMP TOLR Light Mluminates in Flight 


Make as many position checks as practical 
since navigation accuracy may degrade in a 
TEMP TOLR condition. Be alert for a 
possible TEMP LIMIT light. 


NOTE 


If the TEMP TOLR light illuminates 
in flight, do not turn the ANS off 
unless the TEMP LIMIT light 
illuminates. 
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Malfunction Indicator (MAL Light) 


The MODE window usually indicates action to 
be taken when the MAL light is flashing. 
Several of the conditions for a MAL light are 
synonymous with conditions for nav-not- 
ready indications described under the 
Warning Indication section. Figure 4-19 lists 
general ANS malfunction and nav-not-ready 
conditions. 


NOTE 


When the MAL light illuminates, the 
RSO's annunciator panel ANS FAIL 


light, and the pilot's annunciator 
panel ANS REF caution light 
illuminate. 

Power Dropout 


A decrease of the ANS ac supply voltage to 
less than 103 volts per phase causes the 
computer to stop operating regardless of 
mode. Voltage drop can be caused by a 
primary power transient, opening of the ANS 
3-phase essential ac or essential de circuit 
breaker(s), or turning the MODE switch to 
OFF or WARM UP. When power returns, the 
computer determines power dropout duration 
by comparing chronometer day and time with 
the day and time stored in memory at power 
loss. 


If the power dropout is less than one second, 
operation resumes as though nothing occurred 
except star tracking is suspended for 70- 
seconds. 


If the power dropout is greater than one 
second, the system returns to C/A, the MAL 
light illuminates, the MODE window indicates 
C/A, and all display counters clear. If the 
RSO presses the HOT switch, the system 
proceeds with an automatic restart (hot 
airstart or ground hot start). If, instead, the 
RSO selects AIRSTART with the MODE 
switch and presses the MODE START switch, 
the system starts a COLD airstart. Refer to 
COLD Airstart Alignment, this section. 
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ANS TEMPERATURE WARNINGS 








INDICATOR ANS CONDITION 

oft Within safe limits 
Red Air inlet housing or cooling Turn MODE switch OFF. 
TEMP LIMIT | Steady | air at computer inlet above 
Light design limits. 

‘ Cooling air flow less than 
Flashing | 2/5 1b/min. Turn MODE switch OFF. 
oft Within tolerance for optimum 
accuracy 

Amber 
TEMP TOLR | Steady | Platform temp below normal. Check ANS accuracy 
Light 















Be alert for TEMP LIMIT. 
Check ANS accuracy. 
Keep rpm up if warning 
on due to hot fuel in 
flight. 


Platform temp above normal 











Figure 4-18 


NOTE 


If the system is HOT started and then 
a COLD airstart is desired, return 
the MODE switch to OFF. If the 
MODE START switch is pressed in 
any MODE other than AIRSTART, 
the system must be turned off to 
initiate a COLD airstart. 


NOTE 


After a power dropout, pressing 
MODE START on the ground with the 
MAL light flashing (initiating a 
ground alignment) erases the 40-List. 
Anytime a rapid or a gyro-compass 
ground alignment is performed, 40- 
List data must be reentered. 40-List 
data is not deleted if HOT is pressed 
with the MAL light flashing or if a 
cold or hot airstart is performed. 
Therefore, 40-List data is retained 
for a ground hot start, cold airstart, 
or a hot airstart. Pressing the MODE 
START switch with a steady MAL 
light has no effect on the 40-List. 
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ANS WARNING INDICATIONS 


COCKPIT INDICATIONS 





Y Ais REF AND 
CAUTION ON 
HSI RANGE 
‘SHUTTER 
CLOSED 
ATTITUDE IND 
OFF FLAG 
IN VIEW 


= 
‘MODE CONTROL IN 
ay 


\C PWR LESS THAN 60 V 
DC PWR LESS THAN 20V 


‘ON AFTER ONE SEC 
OR MORE INTERRUPT 
a @ 
r5 a) 
‘SPEED EXCESSIVE, OR 
PLATFORM SELF TEST FAIL 


wy 
CHRONOMETER 
INPUT OFF 
paar ft oth 
STAR MISSED 
TRACKER G) 


TEMP LIMIT CONDITION, 


TEMP TOLR CONDITION 





MISSION TAPE 
DP ERROR 





NAV NOT READY bs 

in heavy bordered where warning is given. pyri papticaey 

‘area -- ANS outputs Squares are clear 's Copressed 

not valid where no warning given Coarse alignment is starting, 
round or air start required 


Figure 4-19 








approximately one minute into 
‘COARSE ALIGN until end of 
COARSE ALIGN 


(4) _ Platform self test failure 








=r. 


NOTE 


Complete loss of ac or dc power to 
the guidance group will cause all ANS 
NCD panel lights and windows to 
extinguish/go blank. 


Chronometer Failure 


The system checks the chronometer day and 
time inputs when the MODE switch is turned 
to an "operate" mode and after a power drop- 
out. If the chronometer inputs are not 
present, a chronometer failure has occurred. 
This is indicated by a flashing MAL light, 
clearing of the present position display, and 
Y/O in the MODE window. The system will 
return to a coarse align condition. The MAL 
light will not clear without corrective action. 
On the ground, the alternatives are to 
replace the chronometer, perform the fill 
Day and Time routine, or to select INERTIAL 
ONLY. A Hot Airstart may be possible after 
a chronometer failure if the Fill Day and 
Time procedure is used. 





Incorrect chronometer day or time does not 
result in a chronometer malfunction, only 
incorrect inputs. With a chronometer failure, 
in the event of any power dropout (even less 
than one second), the MAL light will 
illuminate since the system cannot determine 
dropout duration. 


NOTE 


If the chronometer fails after the 
ANS is in ASTRO INERTIAL, the 
failure will not be apparent unless 
the ANS must be restarted. The ANS 
only interrogates the chronometer 
when it is initially activated. 


Star Tracker Failure (During Ground Alignment) 


Forty five seconds after initiation of C/A 
(for rapid and gyrocompassing ground 
alignments) the star tracker searches for the 
artificial star within the astroinertial 
instrument. 


If the artificial star is tracked, the star light 
on the ANS NCD panel flashes until the 
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system enters F/A. If the artificial star is 
not acquired and the alignment was initiated 
by pressing MODE START or RAPID, the 
MAL light flashes at the end of C/A and the 
MODE window indicates I/O. If the MAN 
CLEAR switch is pressed, the MAL light 
extinguishes and the MODE window will 
change to F/A. The alignment in progress 
proceeds normally. Since the most common 
cause of this malfunction indication is a 
burned out artifical star bulb rather than an 
actual tracker malfunction, an attempt 
should be made to track stars. If stars 
cannot be tracked, the ANS should be 
operated in INERTIAL ONLY. Other 
alternatives are to repeat the alignment or 
replace the guidance group and realign. 
There is no star tracker malfunction 
indication in flight. 


Platform Failure 


During F/A or A-l, the system checks ground- 
speed and horizontal speed perpendicular to 
keel line; if this speed is greater than 2150 
and 300 knots, respectively, the MAL light 
flashes, the MODE window indicates D/R, 
and the nav-not-ready warning legends and 
flags are activated. This malfunction cannot 
be cleared unless DEAD RECKON is selected 
or the measured speed drops below the pre- 
scribed limits. This test will not rapidly 
detect all platform failures. To get an early 
indication of ANS or INS failure, the RSO 
should compare true airspeed with ground 
speed and INS pitch and roll with ANS pitch 
and roll throughout the flight; especially in 
IFR conditions. 


NOTE 


o The ANS failure indications may 
not be energized for several 
minutes if the platform fails 
while subsonic. 


o If DEAD RECKON is selected 
for training, there is no MAL 
light warning in case of platform 
failure; the only indications are 
the nav-not-ready warnings on 
other cockpit indicators and an- 
nunciator panels. 
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Platform Self-Test Failure (Platform Disable) 


During all modes of operation, the platform 
BIT (BUILT-IN-TEST) monitors circuit para- 
meters which may indicate saturation of the 
platform servo loops. If saturation is 
detected, the loops are disabled momentarily. 
Re-establishment is attempted every five 
seconds until successful. 


If a platform disable occurs, the MAL light 
flashes, the RSO's ANS FAIL annunciator 
light illuminates, and the pilot's ANS REF 
annunciator caution light illuminates. If the 
pilot has ANS platform selected, the 
autopilot disengages, an OFF flag appears in 
the ADI, the ANR warning illuminates 
(flashing red DAFICS PREFLIGHT BIT FAIL 
light) and the PVD is inhibited. If the RSO 
has ANS platform selected, an OFF flag 
appears in the attitude indicator. All ANS 
displays change to DEAD RECKON updating, 
"A" star tracking is commanded, and airspeed 
damping is increased. 


There is a good probability that the platform 
will recover, and ANS performance should be 
approximately equivalent to that of a Hot 
Airstart. To engage the system and remove 
the NAV-NOT-READY flags, the RSO must 
place the MODE switch to DEAD RECKON, 
press the MODE START switch, then place 
the MODE switch to ASTRO INERTIAL or 
INERTIAL ONLY position, and press the 
MODE START switch again. 


Computer Failure 


The MAL light illumination circuitry is such 
that the computer must supply a periodic 
signal to keep the MAL light out. If a 
computer failure occurs which prevents 
proper sequencing of the computer program, 
the MAL light does not receive the periodic 
signal and illuminates. In general, no MODE 
window indication is provided, since the 
computer is no longer operating; however, 
the computer could cause random control 
panel display changes while coming to a stop. 
No RSO operation will extinguish the MAL 
light, once on, except possibly moving the 
MODE switch to OFF and restarting. In most 
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cases, the ANS will be unusable until the 
computer is replaced. 


Yaw Encoding Failure 


If the ANS computer self test routine detects 
a failure in the Yaw Gimbal Angle encoding 
function, the NCD panel Mode window 
changes to ENC, the MAL light flashes, and 
the synthesized heading back-up mode acti- 
vates. Pressing MAN CLEAR extinguishes 
the flashing MAL light and removes the ENC 
indication but does not remove the malfunc- 
tion. "Synthesized heading” is true ground 
track and is output to the HSI and BDHI 
compass cards and NCD panel as true 
heading. Aircraft drift/sideslip results in 
true heading error. ANS navigation 
capability is not affected by this failure, nor 
are auto-nav operation, normal ANS displays 
or panel routines. INS magnetic heading 
displayed on the NCD panel is not affected. 
Radar system imaging may be degraded. 
Other sensor systems are not affected. 


Mission Tape Destination Point Error 


If the aircraft is at index (turn start) and a 
destination point is specified which does not 
exist in the mission tape, the next destination 
point in the normal mission tape sequence is 
assumed and the aircraft is automatically 
directed to that point. The MODE window 
displays DP * and the SELECTED DATA 
windows flash their contents at a one and a 
half second rate. MAN CLEAR and DISPLAY 
must be pressed to restore normal NCD panel 
operation and to verify correct navigation. If 
not on the correct track, DIR STEER or 
Track Leg Update as required. 


Wi Indications 


The ANS uses a variety of cockpit warnings. 
Figure 4-19 lists these displays. In some 
cases, these displays alert the RSO to prob- 
lems that may affect eventual mission suc- 
cess. In other cases, however, these display 
indicators warn the crew that ANS outputs 
are inaccurate and/or unsafe. NAV-NOT- 
READY indicators must_be recognized and 


responded to instinctively by the flight crew. 





The ANS warnings are: 


1, MAL, TEMP LIMIT, and TEMP TOLR 
warnings are on the NCD panel. 


2. The RSO's ANS FAIL annunciator panel 
light and the pilot's ANS REF annunci- 
ator caution light illuminate when a 
MAL or TEMP LIMIT light illuminates on 
the NCD panel or if there is a loss of ac 
or dc power. 


3. A nav-ready output is provided by the 
ANS to: 


a. ADI vertical steering bar flag when 
the pilot's display mode select 
switch is in ANS. 


b. ADI power-off flag when the pilot's 
attitude reference select switch is 
in ANS. 


c. RSO attitude indicator power-off 
flag when the RSO's attitude refer- 
ence select switch is in ANS, 


d. DAFICS when the pilot's attitude 
reference select switch is in ANS. 
The autopilot will disengage, the 
ANR light illuminates (flashing 
DAFICS PREFLIGHT BIT red FAIL 
light), and the PVD is inhibited if 
the NAV-READY signal is not pres- 
ent. 


e. ANS REF caution light on the pilot's 
annunciator panel. 


f, ANS FAIL light on the RSO's annun- 
ciator panel. 


With ANS reference selected, the warning 
shutters and flags are withdrawn from view, 
the autopilot can be engaged, and the caution 
lights are extinguished when the nav-ready 
signal path exists. 


Nav-Not-Ready Indications 


The ANS REF and ANS FAIL lights illumin- 
ate, the warning flags appear, the autopilot 
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disengages, the ANR light illuminates and the 
PVD is inhibited when the nav-ready output is 
in the not-ready state. The conditions for a 
nav-not-ready signal are: 


1. MODE switch in OFF or WARM UP. 
2. MODE window displays C/A or ENT. 


3. AC or DC power to the ANS is inter- 
rupted for more than 1 second. An 
interruption of less than 1 second may 
cause a momentary not-ready output. 


4. Platform failure. 


5, Computer failure. 
Attitude Outp 


The source of ANS attitude information is 
the inertial platform. Resolvers on the plat- 
form gimbals provide: pitch and roll to the 
attitude indicators and the PVD; yaw, pitch 
and roll to the ANS digital computer; and 
heading, yaw, pitch and roll to DAFICS. 


The analog-to-analog follow-up servos are 
not rate limited and can follow aircraft atti- 
tude changes at rates above 60 degrees per 
second. These servos do not automatically 
stop during a power transient; however, re- 
sponse does decrease and the servos freeze 
when ac voltage drops to approximately 60 
volts. Failures of these follow-up servos 
could cause frozen attitude displays (in- 
cluding inputs to DAFICS), rapidly changing 
attitude values, or gradually increasing atti- 
tude errors. This is particularly dangerous at 
night or in IFR conditions, especially if the 
pilot's attitude reference select switch is in 
ANS and the autopilot is engaged. An ANR 
light (flashing DAFICS PREFLIGHT BIT red 
FAIL light) could indicate that the selected 
attitude reference is erroneous. Monitor 
other attitude references (INS platform and 
pilot's standby attitude indicator) to detect 
ANS attitude errors as soon as possible. 


Change 1 4-65 





SECTION IV 


FI MAL Light Ground 
Operation 


It is normal for the MAL light to flash when 
the MODE switch is moved from OFF or 
WARM UP to ALIGN, ASTRO INERTIAL, or 
INERTIAL ONLY. The MODE window reads 
C/A if the system has a DAY and TIME, or 
1/O if a DAY and TIME are not available 
from the chronometer, The MAL light will 
go out after DAY and TIME are filled, MODE 
START is pressed and MAN CLEAR is 
pressed. 


If the MAL light flashes during any ground 
operation after either MODE START or 
RAPID is pressed to start an alignment, ob- 
serve the MODE window and SELECTED 
DATA (SD) windows. 


1. If the MODE window display has not 
changed and the SD windows are frozen, 
a computer malfunction has occurred. 
Turn the MODE switch to OFF and re- 
start the alignment. If the malfunction 
repeats, replace the ANS guidance 
group. 


2. If the MODE window has changed to C/A 
and the SD windows are cleared, a power 
dropout in excess of 1 second has occur- 
red, If a GROUND HOT START is 
desired, complete the GROUND HOT 
START checklist. If a GROUND HOT 
START is not desired, turn the MODE 
switch to OFF and perform another 
ground alignment. 


3. If the mode window has changed to ENC 
and the SD true heading is in question, 
the yaw encoding has malfunctioned. 
"Synthesized heading" (true ground track 
output to the HSI and BDHI compass 
cards and NCD panel) cannot be accur- 
ately calculated when not moving. Pres- 
sing MAN clear extinguishes the flashing 
MAL light and removes the ENC indi- 
cation but does not remove the 
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malfunction. 


Replace the ANS guidance 
group. Refer to YAW Encoding Failure 
this section. 


If the MODE window has changed to I/O 
and the SD windows are not affected, 
the platform collimator light (artificial 
star) has not been tracked. This is most 
likely due to the platform collimator 
bulb being burned out. Otherwise it is a 
tracker malfunction. This malfunction 
only occurs at the end of C/A or ENT. If 
the ANS guidance group cannot be 
replaced, press the MAN CLEAR switch 
to extinguish the MAL light. The MODE 
window will initialize normally. 
Attempt to track stars in ASTRO IN- 
ERTIAL. If stars cannot be tracked, fly 
in INERTIAL ONLY. 


If the MODE window has changed to I/O 
and the SD windows are cleared, a power 
dropout with no DAY and/or TIME avail- 
able from the chronometer is indicated. 
This would also happen if no chrono- 
meter were available. Turn the MODE 
switch to OFF, replace the chronometer, 
and perform another alignment. If a 
chronometer is not available: 


a. If a correct DAY and TIME are 
available, insure MODE switch is set 
to desired type alignment, fill day 
and time, press MODE START or 
RAPID and continue with GROUND 
ALIGNMENT checklist. 


b. If correct DAY and TIME are not 
available insure MODE switch is set 
to desired type alignment, and press 
MODE START or RAPID. If RAPID 
was selected, then turn the MODE 
switch to INERTIAL ONLY and 
MODE START. This extinguishes 
the flashing MAL light and a RAPID 
alignment will continue. Perform 
the Ground Alignment Correct pro- 
cedure if desired. 





6. 





NOTE 


The first MODE START or RAPID 
start selects the type alignment. But 
INERTIAL ONLY has to be MODE 
started to clear the flashing MAL 
Light if DAY and/or TIME are not 
available, either from the chrono- 
meter or fill routine. 


If the MODE window has changed to 
D/R, a platform failure or platform dis- 
able is indicated. Confirm by pressing 
MAN CLEAR switch while observing the 
MODE window and the MAL Light. 


a. If the MODE window then changes 
to A-I or I/O, and the MAL light 
goes off, a platform failure is indi- 
cated. The SD windows will not be 
affected. If the ANS guidance 
group can be replaced, turn the 
MODE switch to OFF, replace the 
group and realign. If the group 
cannot be replaced, select DEAD 
RECKON with the MODE switch, 
and complete DEAD RECKON 
MODE checklist. 


NOTE 


The MODE window change and MAL 
light extinguishing could be momen- 
tary. The light will go out when the 
window reverts to A-I or 1/0. The 
window may eventually revert back 
to D/R with a flashing MAL light. 


b. If the MODE window remains D/R 
and the MAL light goes out, a plat- 
form disable is indicated. The 
counters will be referenced to the 
DEAD RECKON frame. Select 
DEAD RECKON with the MODE 
switch and press MODE START. 
Then select ASTRO INERTIAL or 
INERTIAL ONLY and press MODE 
START again. The NAV-READY 
functions will now resume and the 
system will operate normally. 
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Flashing MAL Light In Flight 


It is normal for the MAL light to flash when 
the MODE switch is moved from OFF or 
WARMUP to ASTRO INERTIAL, INERTIAL 
ONLY, or AIR START. The MODE window 
will read C/A if the system has a day and 
time or I/O if a day and time are not 
available from the chronometer. The MAL 
light will go out after DAY and TIME are 
filled, MODE START is pressed and MAN 
CLEAR is pressed. 


If the MAL light flashes during airborne oper- 
ation, observe the MODE window and 
SELECTED DATA windows. 


1, If the MODE window display has not 
changed and the SD windows are frozen, 
a computer malfunction has occurred, 
Turn the MODE switch to OFF and at- 
tempt a COLD AIRSTART. 


2. If the MODE window has changed to C/A 
and the SD windows are cleared, a power 
dropout in excess of 1 second has occur- 
red. Attempt a HOT AIRSTART pro- 
cedure. Otherwise press MAN CLEAR, 
select DEAD RECKON with the MODE 
switch, and complete DEAD RECKON 
mode checklist. A COLD AIRSTART 
may then be performed. The COLD 
AIRSTART is also necessary if the HOT 
AIRSTART is unsuccessful. 


3. If the mode window has changed to ENC 
and the SD windows are not affected, 
the yaw encoding has malfunctioned. 
"Synthesized heading" (true ground 
track) is output to the HSI and BDHI 
compass cards and NCD panel as true 
heading. Pressing MAN clear 
extinguishes the flashing MAL light and 
removes the ENC indication but does not 
remove the malfunction. Refer to Yaw 
Encoding Failure this section. 


4. If the MODE window has changed to I/O 


and the SD windows are cleared, a power 
dropout with no day and/or time avail- 


4-67 


< datuase 


SHEROS: 


SECTION IV 


5. 


able from the chronometer is indicated. 
Turn the MODE switch OFF and perform 
a COLD AIRSTART. If DEAD RECKON 
mode is preferable to a COLD AIR- 
START, press MAN CLEAR to initialize 
the system. Select INERTIAL ONLY and 
MODE START to extinguish the flashing 
MAL Light. Then select DEAD RECK- 
ON and complete the DEAD RECKON 
checklist. 


NOTE 


The initial position error will prob- 
ably be very large due to no time 
reference when the system is initial- 
ized after pressing MAN CLEAR. 
Fill present position or update by 
fixing. 


If the MODE window has changed to 
D/R, a platform failure or platform dis- 
able is indicated. Confirm by pressing 
the MAN CLEAR switch, while observing 
the MODE window and the MAL light. 


a. If the MODE window then changes 
to A-I or I/O and the MAL light goes 
off, a platform failure is indicated. 
To confirm platform failure, check 
ANS attitude, heading, and ground- 
speed displays. The SD displays will 
not be affected. Turn the MODE 
switch to DEAD RECKON and com- 
plete the DEAD RECKON mode 
checklist, or turn the MODE switch 
to OFF and attempt a COLD AIR- 
START. 


NOTE 


The MODE window change and MAL 
light extinguishing may be momen- 
tary in the event of a platform fail- 
ure. The light will go out when the 
MODE window reverts to A-I or I/O. 
But the window will eventually revert 
back to D/R and the MAL light will 
flash again. 





b. If the MODE window remains D/R 
and the MAL light goes out, a plat- 
form disable is indicated. The SD 
displays will be referenced to the 
DEAD RECKON frame. Select 
DEAD RECKON with the MODE 
switch and press MODE START. 
Then select either ASTRO 
INERTIAL or INERTIAL ONLY with 
the MODE switch and press MODE 
START again. The NAV-READY 
functions will now resume and the 
system will operate normally. 


All NCD Panel Windows Blank 


If all NCD panel lights and windows go blank 
it indicates loss of ac or de power to the 
ANS. Check the ANS essential dc and ANS 3 
phase ac circuit breakers and the position of 
the MODE switch. When power is restored, 
as indicated by the MAL light flashing, follow 
the procedures listed under Flashing MAL 
Light During Ground Operation or Flashing 
MAL Light In Flight. 


INERTIAL NAVIGATION SYSTEM _(INS) 


The SKN-2417 INS is the source of inertially 
derived magnetic reference for the basic 
flight instruments and radio navigation aids. 
It also provides aircraft attitude and navi- 
gation information. The INS consists of the 
inertial navigation unit (INU), the inertial 
control panel (ICP) and the INU battery. 


The system provides present position, ground- 
speed and steering, distance, and enroute 
time to 10 destinations and 3 mark points. 
Destination points may be entered or changed 
any time the system has power applied and 
are retained in the computer memory after 
power is removed. Mark points are entered 
in memory by a panel routine which allows 
sequential and repetitive marking of present 
position in the 3 mark points A, B and C. 
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Heading information is furnished to the: 


1. DAFICS for autopilot, PVD heading 
input, and SAS analytical redundancy 
(ANR) when the pilot's attitude 
reference select switch is in INS. 


NOTE 


The auto-nav feature of the auto- 
pilot is disengaged and cannot be 
used when INS is selected. 


2. Pilot's HSI. 


3. BDHI when the BDHI heading select 
switch is in INS. 


Attitude information is furnished to the: 
attitude 


1, Autopilot when the pilot's 
reference select switch is in INS. 


2. ADI when the pilot's attitude reference 
select switch is in INS. 


3. Peripheral Vision Display (PVD) when the 
pilot's attitude reference switch is in 
INS. 


4. Attitude Indicator when the RSO's 
attitude indicator select switch is in INS. 


NOTE 


Heading information is not provided 
in either alignment mode. The INS 
must be in the NAV mode before a 
valid heading display is available on 
the compass cards. With a computer 
failure, which causes the system to 
revert to the attitude mode (ATT), or 
with the FUNCTION switch set to 
ATT, the RSO controls compass card 
orientation with the heading slew 
knob. 


INS OPERATION 


The INS is programmed with global magnetic 
variation to 78 degrees north latitude and 65 
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degrees south latitude. During the NAV 
mode of operation the INS does not have an 
enterable grid navigation capability. A free 
gyro capability is available with the INS 
operating in the ATT mode with the limita- 
tion that once this mode is selected all 
computer and navigation functions are termi- 
nated leaving only attitude and heading avail- 
able for the remainder of the flight. In the 
ATT mode the HSI and BDHI heading must be 
set using the heading slew knob. 


The NAV mode cannot be reentered from the 
ATT mode. The INS does not have an air 
alignment function to restore full navigation 
capability. 


ANS grid mode navigation should not be used 
since there is no useable grid heading display 
available to either cockpit in NAV mode and 
the ANS dead reckon (DR) frame does not 
receive correct heading information to main- 
tain accurate navigation. 


Waypoint to waypoint navigation with the 
INS, as with the ANS, is via great circle 
steering. With either system apparent 
heading change on a given leg is not obvious 
at lower latitudes, whereas at higher lati- 
tudes large apparent heading change is 
evident. 


When in the NAV mode and within the lati- 
tude limits, (between 78N and 65S) the INS 
operates in the automatic mag var mode 
(MODE SEL light off). This will allow mag- 
netic headings to be flown and maintains 
correct TACAN relative bearing. The pilot's 
standby compass can be used to cross-check 
heading. When crossing the automatic mag 
var latitude limit of the INS (steering toward 
a pole) the mag var is maintained at the last 
computed value until recrossing the latitude 
limit (steering toward the equator). 


If zero MAG VAR is manually set when north 
of 78 degrees North latitude or south of 65 
degrees South latitude (MODE SEL light on), 
the INS provides a true heading readout to 
the compass cards, which can be cross 
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INERTIAL CONTROL PANEL (ICP) 





FUNCTION SWITCH 

DATA SWITCH 

‘ALPHA DISPLAY 

INS POWER PUSHBUTTON 
LEFT AND RIGHT ALPHA- 
NUMERIC DISPLAYS 

MODE SELECT LIGHT 

‘MODE SELECT PUSHBUTTON 
DATA OPTION PUSHBUTTON. 
KEYBOARD ENABLE LIGHT 
MARK PUSHBUTTON 
UPDATE PUSHBUTTON 
KEYBOARD ENABLE PUSHBUTTON 
KEYBOARD PUSHBUTTONS 
CLEAR PUSHBUTTON 

ENTER PUSHBUTTON 

NAV READY LIGHT 
DESTINATION WHEEL 


GEGRHESeeNe 


Figure 4-20 


checked with the ANS. In this case the 
magnetic bearing to a TACAN station will be 
correctly displayed but the relative bearing 
will be in error. 


INERTIAL CONTROL PANEL (ICP) 


The ICP (Figure 4-20) is on the aft cockpit 
left console. 


FUNCTION Switch 


Selects the INS operating modes. The switch 
must be pushed down to rotate into or out of 
positions OFF, STOR HDG, NORM and ATT; 
it cannot be rotated directly from OFF to 
ATT or from ATT to OFF. 


OFF INS operation is disabled. 


STORHDG Selects quick reaction align- 
ment if aircraft has not moved 


since last alignment. 


r20-20%6) 

NORM Selects normal alignment. 

NAV Selects inertial navigation. 

OVERFLY Selects inertial navigation and 
allows overfly update. 

CAL A ground maintenance function 
used to recalibrate INS gyros. 

ATT Selects inertial attitude and 


heading without navigation or 
computer correction for appar- 
ent precession. 


The INS remains in inertial navigation at all 
switch positions between NAV and ATT. 


DATA Switch 


Used in conjunction with the DATA OPT 
pushbutton to establish what data is called 





INERTIAL CONTROL PANEL DATA DISPLAYS 


DATA SWITCH 


Pos 


STRG 


Test 


Misc 








DATA OPT ALPHA ut 
PUSHBUTTON DISPLAY DISPLAY 
Present Position latitude 
to nearest tenth of an 
arc minute). 
First press vr Groundspeed (to nearest 
knot, 


Second press True Heading (to 
nearest tenth of 2 


egret), 


Third press Time in alignment tto 
nearest tenth of a min 
utel, 


Latitude of OP on DEST 
wheel (to nearest tenth 





of an are minute), 





‘Second press Distance to OP on DEST 
bert 
Distance to DP on DEST 
corsnarctene 
First press ° 


SEUMODE SEL tight out. 


[seanaores | ne 


The MISC position is used to display andlor enter various INS parameters. 
‘Of primary interest to the operator (RSO) is the entry of altitude into 

t 

of system navigation performance. Refer to Altitude Updat 











ZA With MODE SEL tight on, computed mag var is removed from HSi and BOHI, heading 
Aisplayed on instruments is true heading plus or minus manually entered ag var. 
It Eor W "0" mag var is displayed then heading displayed on instruments is true 


heading. 


‘2\, No meaningtul data is presented with this display option selected. 
It Fail 1 or Fail 2 appears reter to INS Fault Indication Clearing. 


Figure 4-21 





Lamp test available by depressing MODE SELIMODE SEL 
light on. Terminate lamp test by depressing MODE 





yystem at various points in the mission in order to prevent degradation 
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RIGHT 
DISPLAY 


Present Position longi 
tude ito nearest tent 
of an arc minute), 


Aircratt true ground 
track Wo nearest tenth 
Of a degree’. 


Computed or manually en- 
tered mag var (to nearest 
tenth of a degree /1\, 


‘Aignment status (60, 
@, 0, ec.) 


Longitude of DP on DEST 
wheel to nearest tenth 
of an arc minute), 


Time to DP on DEST wheel 
(hourts) and minute(s) 
(Groundspeed more than 
TS knots), 


Computed true ground 
track to DP on DEST wheel 
from Present Position 

(to nearest tenth of a 
degree), 


Time to DP on DEST wheel 
thouris) and minute(s), 
(Groundspeed more than 
15 knots). 


Failure indication. 


° 


Blank 
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from the computer for display, or what data 
may be keyed for entry into the computer. 
Refer to Figure 4-21 for data options. 


ALPHA Display 


Provides a three character label identifying 
the information being displayed in the left 
and right data displays, or the information to 
be entered into the system. 


INS PWR Pushbutton 


Pushbutton switch used in conjunction with 
the FUNCTION switch to turn the INS on or 
off, When aircraft power is removed, the 
INU battery will discharge unless the INS 
PWR switch is off. 


Left and Right Data Displays 


The left and right alphanumeric data displays 
display readouts or show values keyed for 
entry. 


MODE SEL Pushbutton 


Used in conjunction with the DATA selector 
switch to enable automatically computed or 
manually entered magnetic variation. It is 
used to initiate self test (TEST position of 
the DATA switch) during the first 2 minutes 
of a normal (NORM) alignment. It is also 
used to clear INS fault indications. 


MODE SEL Light 

The light illuminates when manual magnetic 
variation is selected. It illuminates during a 
maintenance self-test and extinguishes after 
5 minutes when the test is complete. 

DATA OPT Pushbutton 

Used in conjunction with the DATA switch to 
select the displays available at each DATA 
switch position. See Figure 4-21. 

MARK Pushbutton 


Enters present position into computer memo- 
ry for recall as a point of interest. After 3 
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sequential MARK points have been accomp- 
lished (A, B and C) subsequent marking erases 
the previous point(s) in order (A, B, C). 


UPDT Pushbutton 


Used when the FUNCTION switch is in 
OVERFLY to update INS present position. 


KYBD Pushbutton 


Enables or disenables the keyboard buttons. 


Keyboard Light 


The light is on when the keyboard is enabled 
and off when keyboard is disenabled. 


Keyboard Pushbuttons 


When enabled, used to select codes and num- 
erical data for display and entry. 


CLR Pushbutton 


Used to clear the displays if an error is made 
during keyboard inputs. 


ENT Pushbutton 


Used to enter data into the computer upon 
completion and validation of keyboard inputs. 


NAV RDY Light 


The light illuminates steady at the comple- 
tion of fast alignment; the light flashes at 
the completion of full alignment. The light 
goes out when the FUNCTION switch is set 
to NAV, 


DEST Wheel 


Used to select destinations (0 - 9) for com- 
puter entry via the keyboard and to select 
the desired destination or mark point (A, B or 
C) to steer to. The mark point selected for 
display by the DEST wheel cannot be changed 
by the marking routine when it is being 
displayed. Mark points D, E and F are not 
used. 





Heading Slew Knob 


A heading slew knob is on the RSO's instru- 
ment panel adjacent to the BDHI switches. 
The knob sets HSI and BDHI heading if the 
INS enters ATT mode (either automatically 
by computer failure or selected by the RSO). 
The best known heading reference should be 
set. 


INS Segment Lights Control 


A light control labeled INS SEG LTS on the 
left aft console varies the intensity of the 
INS segment lights (Alpha, left and right data 
displays). The light control is powered by the 
emergency ac bus through the INS PRIME 
circuit breaker on the pilot's right console. 


INS Panel Lights 


INS panel lighting is controlled by the L 
CONSOLE light control. 


INU Battery 


A self-contained battery on the INU mount 
provides continued INS operation for up to 10 
seconds in the event of aircraft or ground 
power transients. The battery charges when 
the FUNCTION switch is not OFF and the 
INS PWR switch is ON. 


NOTE 


Continued INS operation after loss of 
power discharges the INU Battery. 


INS PROCEDURES 
Normal ent 


Normal alignment (NORM) is a gyrocompass 
alignment which requires only correct 
present positon and is completed in less than 
8 minutes at temperatures above 40°F. For 
temperature less than 40°F the alignment 
time will be increased | to 9 minutes at 0°F 
and 12 minutes at -40°F. Six minutes into 
the alignment, fast ready is indicated by 
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steady illumination of the NAV RDY light. 
The NAV RDY lamp flashes at the 
completion of alignment. 


A fast ready capability is available from 
normal alignment by selecting NAV mode 
with the FUNCTION switch after steady ill- 
umination of the NAV RDY light. Attitude 
information and navigation capability are 
available, however, navigation accuracy will 
be degraded. 








With the DATA switch in POS, the third press 
of the DATA OPT pushbutton will allow in- 
ertial alignment status (IS) to be monitored. 
Prior to fast ready (NAV RDY steady light at 
six minutes) the status indicates "99" (course 
alignment in progress) or "90" (fine alignment 
in progress). After fast ready (NAV RDY 
light steady) and before ready (NAV RDY 
light flashing) inertial status (IS) decreases in 
units of 10 (60, 50, 40, 30,20) to indicate 
improving CEP (error probable) as alignment 
improves. When "10" is displayed, specifi- 
cation performance is available, the NAV 
RDY light flashes, and alignment is 
complete; however INS accuracy may im- 
prove beyond specification requirements if 
alignment is continued in NORM. During self 
test, the align status indicates "80" from 4 to 
6 minutes in self test. 


1. INS PWR pushbutton - Press. 
2, FUNCTION switch - NORM. 


3. DATA switch - POS, alpha display is 
L/L. 


If left and right data displays indicate 
correct position continue to step 4, 
otherwise perform the following: 


a. KYBD pushbutton - Press, keyboard 
light on. 


b. Enter latitude - N or S XX°XX.X' 


c. ENT pushbutton - Press. 
latitude in left display. 


Check 
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d. Enter longitude - E or W 


XXX°XX.X' 


e. ENT pushbutton - Press. 
longitude in right display. 


Check 


4. DATA OPT pushbutton - Press three 
times, alpha display is IS (inertial Sta- 
tus). Right display counts down from 99 
to 10 indicating alignment status. Left 
display counts up indicating time in 
alignment. 


NOTE 


Other ICP activity, such as entry 
or verification of destination 
coordinates or altitude entry 


may be accomplished during 
alignment. Entry of system lati- 
tude or heading will reinitialize 
alignment. 


5. DATA switch - 
elevation. 


MISC, enter field 


a. KYBD pushbutton - Press, keyboard 
light on. 

b. Altitude address - Enter 1138. 

c. CLR pushbutton - Press 

d. +(3) keyboard pushbutton - Press. 

e. Enter field elevation - XX,XXX ft. 


f. ENT pushbutton - Press. 
altitude in right display. 


Check 


g- DATA switch - POS. 

When NAV RDY light flashes: 

6. FUNCTION switch - NAV. 
NAV RDY light illuminates steady after 
6 minutes. Select NAV mode if fast 


ready (minimum time) alignment is re- 
quired. 
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NOTE 


Setting the FUNCTION switch to 
NAV from STOR HDG, NORM or 
CAL prior to steady illumination of 
the NAV RDY light will transfer the 
INS to the ATT mode and alignment 
must be reinitialized. 


At 8 minutes, NAV RDY light flashes 
indicating full alignment is complete. 


NOTE 


o The FUNCTION switch must be 
in NAV prior to taxiing the 
aircraft, or realignment will be 
required. 


o When the NAV mode is selected 
after alignment the INS remains 
in the navigate mode until the 
FUNCTION switch is set to OFF 
or ATT, or a computer failure 
occurs. There is no capability to 
reenter an alignment mode after 
the NAV mode has been 
selected. If short delays occur 
before takeoff maintain the INS 
in the NAV mode. For prolonged 
delays it may be desirable to 
turn the INS off and perform 
another alignment. 


o The FUNCTION switch must 
remain off for 2 minutes before 
reinitiating alignment to 
optimize system accuracy during 
the new alignment. 

Stored ment 

The stored heading alignment provides a 
quick reaction capability and can only be 
accomplished if the aircraft has not been 
moved after previous INS shutdown. Stored 
heading (STOR HDG) alignment is normally 
completed in less than 4 minutes at 
temperatures above 60°F. For temperature 
less than 60° F, the alignment time increages 
to 5 minutes at 0°F and 6 minutes at ~40°F. 





When the absolute minimum alignment is 
completed, (about, one minute above 25° and 
2 minutes at -40°F) fast ready (steady NAV 
RDY light) is indicated with a fine alignment 
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NOTE 


Minimum fine alignment is complete 
in 1-1/2 minutes (NAV RDY light 


in process status ("90"). At 


alignment 


complete (NAV RDY flashing) status "30" is 


displayed, 
above 40°F. 


This occurs at 1-1/2 minutes 
The status is then decremented 


(30 to 29 to 28, etc.) every fifteen seconds 
until status "20" is displayed. 


1. INS PWR pushbutton - Press. 


2. FUNCTION switch - STOR HDG. 


If the aircraft has not been moved since 
the last INS shutdown, skip to step 3, 
otherwise perform the following: 


DATA switch - POS, alpha display is 
L/L. Check present latitude and 
longitude in left and right displays. 


b. DATA OPT pushbutton - Press 
twice, alpha display is H/M. Check 
magnetic variation in right display. 

c. DATA switch - STRG, alpha display 
is G/C. 

d. DATA OPT pushbutton - Press, 
alpha display is HDG. 

e. KYBD pushbutton - Press, keyboard 
light on. 

f. "1" keyboard pushbutton - Press, 
left display blanks. 

g- Enter true heading - XXX.X° 

h. ENT pushbutton - Press. Check 


heading in left display. 


When NAV RDY light flashes: 


3. FUNCTION switch - NAV. 


flashing and status IS 30). 
Specification performance is not 
available until status IS 20 appears 
(2-1/2 minutes after NAV RDY light 
flashing). 


Airborne Attitude ment 
Should the INS fail completely in flight, it 
may be possible to reestablish the platform in 
the attitude (ATT) mode. This will not 
provide navigation capability, but will pro- 
vide pitch, roll and heading to the cockpit 
displays. The RSO can use the heading slew 
knob to establish a heading reference. 


1, FUNCTION switch - OFF. 
Flags will appear on the attitude 
instruments with INS attitude source 
selected. 
After 2 minutes: 
2. FUNCTION switch - ATT. 
3. Maintain straight and level flight. 
At the end of the 36 second coarse alignment 
phase, the flags will disappear from the 
attitude instruments. INS pitch and roll 
attitude displays are now available. The INS 
heading display will be the platform azimuth 
angle. 
After 36 seconds and OFF Flags out of view: 


4, Heading Slew Knob - Set 
heading. 


desired 


5. Monitor INS pitch and roll displays. 
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INS attitude accuracy may degrade 
over a period of time after the 
airborne attitude alignment. 
Attitude displays should be monitored 
closely. If attitude precesses 
excessively additional airborne 
alignments may be performed. 


Destination Point Entry 


Destination points may be entered or changed 
at any time with the FUNCTION switch in 
STOR HDG, NORM, NAV, or OVERFLY. 


1, DATA switch - DEST, alpha display is 
L/L. 


2. DEST wheel - Set DP (0 to 9). 
3. Enter destination position. 


a. KYBD pushbutton - Press, keyboard 
light on. 


b. Enter latitude - N or S XX° XX.X', 


c. ENT pushbutton - Press. Check 
latitude in left display. 

a, Enter longitude - E or W 
XXX OXX.X', 

e. ENT pushbutton - Press. Check 


longitude in right display. 
NOTE 


With the DEST wheel in A, B, or C 
position previous MARK points may 
be observed but not entered. 


Altitude Update 


The INS is a stand alone system and does not 
receive altitude inputs. Altitude updating 
will prevent system accuracy from degrading 
due to large altitude transients. Altitude 
may be updated at the discretion of the 
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operator. Suggested points for altitude 
updates based on normal mission profiles are 
incorporated in aircrew checklists. 


1, DATA switch - MISC, alpha display is 
M/A 


2. KYBD pushbutton ~ Press, keyboard light 
on. 


3. Altitude address - enter 1138. 


138 appears in left display. 
display is last entered altitude. 


Right 


4. CLR pushbutton - Press. 


Displays blank then last entered altitude 
reappears in right display. 


5. +(3) keyboard pushbutton - Press. 
6. Enter altitude - XX,XXX Ft. 


7. ENT pushbutton - Press. Check altitude 
in right display. 


Position ite 


The RSO can update the INS present position 
by overflying a known point which has been 
previously entered as a destination point. 


The RSO should occasionally cross check the 
INS position with the ANS by noting the ANS 
position and "marking" the INS position. The 
marked position can be displayed on the ICP 
and compared with the noted ANS position. 
If update is necessary, select a point on track 
such as an IKP or the point of crossing an 
even line of latitude or longitude. Enter the 
point into the INS as a destination point and 
set the FUNCTION switch to OVERFLY. 
When the point is reached as determined by 
the ANS position, press the UPDT push- 
button. 


The viewsight can also be used for updating if 
an identifiable point is to be overflown. The 
point is entered into the INS as a DP, then 
set the FUNCTION switch to OVERFLY. 
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When the point reaches the intersection of 
the viewsight groundtrack reference line and 
nadir depress the INS UPDT pushbutton. 


1. DATA switch - DEST. 
2. DEST wheel - Set DP (0-9). 
3. Enter latitude - N or S XX °XX.X". 


Enter latitude of point to be used for 
postion update. 


4, ENT pushbutton - Press. Check latitude 
in left display. 


5. Enter longitude - E or W XXX °XX.X'. 


Enter longitude of point to be used for 
position update. 


6, ENT pushbutton - Press. Check longi- 
tude in right display. 


7, FUNCTION switch - OVERFLY. 


8. UPDT pushbutton - Depress when point 
is reached. 


9. FUNCTION switch - NAV. 


Marking Procedure 


Any point overflown may be "marked" for 
subsequent use or reference. Depressing the 
MARK pushbutton will cause MKA, MKB or 
MKC to appear in the Alpha display. The left 
and right displays continue to display present 
position. After 10 seconds the Alpha display 
returns to normal operation. The marked 
point can then be displayed by setting the 
destination wheel to A, B, or C and the 
DATA switch to DEST. The system will 
maintain three points at any time. 
Repetitive marking erases the previously 
marked points in order. 


DATA Displays. 


Data is displayed using the DATA switch and 
DATA OPT pushbutton. Repositioning the 
DATA switch selects the first display of that 
position. Remaining displays for a given 
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DATA switch position are selected by 
depressing the DATA OPT pushbutton. See 
Figure 4-21 for data displays available. 


Attitude Mode (ATT) 


In ATT mode the INS operates as an inertial 
attitude and heading reference platform. 
The ATT mode is entered automatically in 
the event of computer failure or may be 
selected by.the operator. 


The ATT mode is entered by rotating the 
FUNCTION switch clockwise and pressing 
before reaching the ATT position, The INS 
remains in ATT mode until the FUNCTION 
switch is OFF. 


NOTE 


NAV mode cannot be reentered from 
the ATT mode. Once ATT mode is 
entered all INS navigation capability 
is lost. 


Failure Indications 


The INS REF caution light on the pilot's 
annunciator panel is illuminated by a 
computer failure or heading failure (INS 
automatically in ATT mode), FUNCTION 
switch in ATT mode, or platform failure. 


If the pilot's attitude reference select switch 
is in INS and the INS is in ATT mode 
(automatically or by setting the FUNCTION 
switch in ATT) a course warning flag appears 
on the pilot's ADI to indicate heading is not 
reliable. When the INS is operating in ATT 
mode, DAFICS analytical redundancy, 
autopilot operation, and PVD operation are 
not affected. 


If the pilot's attitude reference select switch 
is in INS and the INS platform fails (attitude 
malfunction), an OFF flag appears on the 
pilot's ADI in addition to the course warning 
flag. A DAFICS analytical redundancy 
failure is indicated (flashing red DAFICS 
PREFLIGHT BIT FAIL light), the autopilot 
will not engage, and PVD operation is 
inhibited. If the RSO selects INS attitude 
reference the RSO's attitude indicator 
displays an OFF flag. 
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INS "NO WARNING” MALFUNCTIONS 
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DISPLAY 
RIGHT 
000002 
000100 
000200 
002000 


BITE ON BITE 


004000 
010000 
020000 


MUX 1 
MUX 1 
MUX 2 


MALFUNCTION 


VERTICAL VELOCITY 
REDUNDANT LOOP 
INU BATTERY FAILED 


NO INTERNAL TEST 
GRADUAL NAV DEGRADATION 
GRADUAL NAV DEGRADATION 


NO AIRCRAFT POWER LOSS 
PROTECTION 


ERRONEOUS, BLANK OR 
FROZEN DISPLAYS 





Figure 4-22 


Therefore, if the pilot is using the ANS as the 
attitude source and the INS REF annunciator 
light illuminates, the RSO should check the 
aft cockpit attitude indicator (INS attitude 
reference). If the power OFF flag is not in 
view the INS is operating in ATT; if the 
power OFF flag is in view there is an INS 
platform (attitude) malfunction. 


An INS malfunction that illuminates the INS 
REF annunciator caution light can be 
considered a hard failure. There is a remote 
possiblity of clearing a malfunction inflight 
by attempting the INS Fault Indication 
Clearing Procedure. There are seven 
additional malfunctions that could occur 
which do not illuminate the INS REF light. 
Two cause degraded accuracy, three cause 
erroneous, blank or frozen ICP displays, and 
the remaining two do not affect system 
performance. None of the seven are evident 
through the aircraft warning system, but they 
can be viewed on the ICP with the DATA 
switch set to TEST. See Figure 4-21. 


INS Fault Indication Clearing Procedure 


1. DATA switch - TEST, Alpha display 
reads INS. 


a. If Left and Right displays read "O* - 
No action required. 
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b. If Left display reads FAIL 1 or FAIL 
2 (Figure 4-22) - Perform steps 2 
through 4. 


2. DATA OPT - Press twice, Alpha display 
reads CLR. 


3. MODE SEL - Press, MODE SEL light ON. 


4. DATA OPT - Press, Alpha display reads 
INS, MODE SEL light OFF. If FAIL 1 or 
FAIL 2 reoccurs, notify maintenance. 


Attitude Outputs 


Failures of INS attitude output servos could 
cause frozen attitude displays (including in- 
puts to DAFICS), rapidly changing attitude 
values, or gradually increasing attitude 
errors. This is particularly dangerous at 
night or in IFR conditions, especially if the 
pilot's attitude reference select switch is in 
INS and the auto pilot is engaged. An ANR 
light (flashing DAFICS PREFLIGHT red FAIL 
light) could indicate that the selected 
attitude reference is erroneous. Monitor 
other attitude references (ANS platform and 
pilot's standby attitude indicator) to detect 
INS attitude errors as soon as possible. 
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— 








SENSOR SYSTEMS 


The following sensor systems are available: 


1 


2 


Two high-resolution, narrow field tech- 
nical objective cameras (TECH). 


Advanced Synthetic Aperture Radar 
System (ASARS). 


High resolution, side-looking radar (SLR) 
for mapping (CAPRE). 


ELINT Improvement Program/Electro- 
magnetic Reconnaissance (EIP). 


Optical bar camera (OBC). 
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The following equipment complements the 
sensor systems: 


V/A system. 
Viewsight. 


ue projectors (two). (Refer to Section 
1). 


Exposure control system. 


Mission Recorder System (MRS). 


SENSOR COMPARISON CHART. 


TECHNICAL 
CAMERA 


STABILIZATION 
‘AND 
{UMITS 


FAIL UGHTS 


‘MIRROR ROTATION 


IMAGE MOTION |] jun exposURE 
RATE 


COMPENSATION 


FILM TAPE 
CAPACITY 


x 


WARMUP TIME 


AFTER TAKEOFF | AFTER TAKEOFF 














AFTER TAKEOFF 


Not 
‘STABILIZED 


NOT 
STABILIZED 


CONNECTED TO CONNECTED 70 
‘SENSOR FAIL ‘SENSOR FAIL 


TAPE (2) 


AFTER 
ENGINE 
START 


AFTER TAKEOFF 











PRIOR TO LANDING | AFTER LANDING 
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SENSOR COMPONENT AND DEF EQUIPMENT LOCATIONS 
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Figure 4-25 


POWER AND SENSOR CONTROL PANEL 










1 panel, labeled 
RSO's right con- 
tches for all of 
1 switches for the 
tem. For infor- 
operation, refer to 
tion(s). 


The power and s 
PWR & SENSOR 
sole, It contains power sy 
the sensors, and the con 
ras and the V/H s 









the individual sensor des. 


The Terrain Objective Camera System 
(TROC) and Operational Objective Camera 
System (OOC) are no longer available. The 
seven alterna’ 
film counters 
the panel) th 
systems are nc! 
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NOTE 


© Application or reapplication 
of electrical power to the 
aircraft electrical system 
while a sensor power switch 
is ON requires the sensor 
power switch to be cycled 
OFF and then ON to reapply 
power to the sensor. 


e Set each sensor operation 
switch to STP or STBY 
before moving its power 
switch to OFF. 


TECHNICAL OBJECTIVE 
CAMERA SYSTEM (TECH) 


cameras mounted in the left and 
ssion equipment bays, are used 
g detailed photographic imagery. 
ese Cameras are often referred to as TEOC 
TEOC and TECH are synonomous. 
They variable pointing angle, high- 
resolution, narrow field cameras that produce 
overlapping exposures of the terrain below or 








cameras. 
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to the side of the flight path. The cameras 
are either automatically controlled by the 
‘ANS, or manually controlled by the RSO. 
Camera controls are on the power and sensor 
control panel. The lateral pointing angle of 
each camera is read on an indicator on the 
left side of the RSO's instrument panel. The 
exposure-remaining counters, failure 
indication, and pointing-angle indicator are 
used to monitor camera operation. 


There are two camera models; the ER-308B 
and the HR-308C. There are two versions of 
the HR-308B, the -11 and the -21. The HR- 
308B is unstabilized (except for passive vi- 
bration isolation) while the ER-308C is act- 
ively stabilized in pitch, roll, and, at higher 
look angles, yaw. Another difference is the 
source of forward motion compensation 
(FMC), although FMC is mechanized similarly 
in all cameras by rocking the oblique mirror 
in the camera head at a variable rate deter- 
mined by V/R (velocity divided vy slant 
range). 


Camera field of view (FOV) is Sib 
Each camera may be pointed lateral yaa" 


degrees (aircraft nadir) GER out- 
board on its side of the aircraft. The stabil- 


ized look angle is the sum of the aircraft 
bank angle and camera pointing angle, thus 
with the aircraft SMM bank the look 
angle could vary from @@g degrees. 
Terrain coverage in a single frame from 
operational altitude typically varies from a 
SD square look angle to a 
ae eee with the center of the field of 
w approximately 





The cameras are normally operated automat- 
ically by depressing the CONT A pushbutton 
on the PWR & SENSOR control panel, 
selecting NAV V/H source, asd setting the 
FMC to V/R. 


NOTE 


FMC for the -11 ER-3083 must be 
set to V/H during turns where that 
camera is the upwing camera. 


Should manual camera operation be required, 


the RSO must set the mode and pointing 
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angle controls to prebriefed settings. The 
cameras are switched to manual mode by 
depressing the CONT pushbutton on the PWR 
& SENSOR control panel to illuminate the 4 
legend. The NAV V/H source may still be 
used if the ANS is in operation, but for 
manual operation the FMC setting will 
depend upon the model and version of the 
camera in use. The -11 HR-308B and HR- 
308C require the same FMC setting and will 
provide the same FMC accuracy in manual or 
automatic operation. For -21 HR-308B 
manual operation, FMC should be set to V/H, 
which provides accurate FMC in level flight 
only peace degradation can be expected in 
turns). 


The pointing angle and overlap coverage for 
the different mamual modes of camera 
operation vary with the model and version of 
the camera in use. 


Mode Selector 


Two rotary mode selector (MODE SEL) 
switches on the PWR & SENSOR control 
panel, one for each camera, select the 
desired mode during manual operation. The 
switch is effective only when the respective 
CONT switch illuminates M and has three 
operating mode positions, labeled 1, 2, or 3: 


MODE 1 (all): 
Single exposures at 1.1 per second at the 
selected pointing angle. 


MODE 2 

-11 HR-308B: 

Single exposures at a V/R controlled rate 
which provides overlap between 
successive exposures at the selected 
pointing angle. 


-21 HR-308B and HR-308C: 

Single exposures every 1.25 seconds 
alternating between 4 degrees greater 
and 4 degrees less than the selected 
pointing angle. 


MODE 3 (all): 
Single exposures at a V/R controlled rate 
which provides QP overlap between 
successive exposures alternating be- 
tween 4 degrees greater and 4 degrees 
less than the selected pointing angle. 


TEESE EEE AEE I IE 
Es. 


SR-71A-1 


‘TECH Camera Power Switches 


A self-illuminated pushbutton power switch 
for each camera is located on the forward 
edge of the PWR & SENSOR control panel. 
‘The switches are labeled LH TECH and RH 
TECH. Operation of either switch 
jlluminates ON and applies power to the 
camera but does not initiate operation. 
(Camera temperature control circuitry is not 
controlled by this switch.) The FAIL portion 
of: the switch illuminates to indicate a 
malfunction within the respective camera 
and the camera will ‘be simultaneously 
deactivated. The SENSOR FAIL annunciator 
and RSO master CAUTION lights illuminate 
when the FAIL portion of either switch 
illuminates. 





TECH Camera Mode Control Switch 


A self-illuminated pushbutton-switch, labeled 
CONT, M, A, is located on the lower left of 
the PWR & SENSOR control panel. 


The CONT portion of the switch illuminates 
when the tech camera power switches 
illuminate ON. The lower left quarter of 
each switch is labeled M (manual) and the 
lower right quarter is labeled A (automatic). 
The A and M portions illuminate alternately 
when the control switch is pressed. When the 
A portion is’ ‘illuminated, the camera is 
controlled by the ANS. When the M portion 
is illuminated the OPR switch, MODE SEL 
switch, and PT ANGLE switches control the 
cameras. 


TECH Camera Operate Switches 


A  self-illuminated camera operate push- 
button switch, labeled OPR in the top half, is 
provided for each camera. The lower left 
quarter of the switch is labeled SRT (start) 
and the lower right quarter STP (stop); SRT 
and STP illuminate alternately as the push- 
button is pressed. The switch is effective 
only when its related control switch is in 
manual (M) position. The OPR portion of the 
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switch illuminates immediately for the -21 
HR-308B and HR-308C, or in approximately 
30 seconds for the -11 HR-308B after the 
power switch is actuated to ON. Either 
version of HR-308B camera can operate as 
soon as power is on with no image degrad- 
ation. Due to stabilization delay the HR- 
308C should not be operated until 15 seconds 
after OPR illuminates. If the CONT switch 
is in M (manual), verify that the OPR switch 
is in STP until camera operation is desired. 


FMC Selector Switch 


Self-illuminated FMC selector pushbutton 
switches, one for each camera, select the 
signal source for forward motion compen- 
sation. The top half of the pushbutton is 
labeled FMC and the legend illuminates when 
its respective camera power switch is on. 
The lower left quarter of the switch is 
labeled V/H and the lower right quarter is 
labeled V/R. The V/H and V/R legends 
illuminate alternately when the pushbutton is 
actuated. When the V/R legend illuminates, 
the camera is using the primary source of 
FMC input. When the V/H legend illumin- 
ates, the camera is using an alternate source 
of FMC input. The signals selected as pri- 
mary and alternate sources are: 


-11 HR-308B Normal Operation: 


a. FMC switch - V/R; V/H source switch - 
NAV. 


This is used for straight and level flight. 
When V/R is selected, the Bus V/H is fed 
into and modified in the camera for head 
position only. 


b. FMC switch - V/H; V/H source switch - 
NAV. 


V/H is used for the upwing camera 


during operation in turns with bank 
angles of 30 or 45 degrees. 
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When V/H is selected, the Bus V/H is fed 
into and modified in the camera head for 
mirror position and a preset bank angle 
of 30° or 45°. This preset bank angle is 
set in the camera and cannot be changed 
by the RSO. 


NOTE 


In both cases (above), camera uses 
Bus V/H so if NAV V/H source fails 
the RSO must switch to VWSGT or 
MAN source. 


-21 HR-308B Normal Operation: 


2. FMC switch - V/R; V/H source switch - 
NAV. 


‘This setting is used for straight and level 
or turning flight. 


When FMC ~ V/R is selected, NAV V/R, 
which takes into account aircraft bank 
angle and commanded pointing angle, is 
fed directly to the camera IMC and Film 
Drive circuits. 


If NAV V/R fails: 


>. FMC switch - V/H; V/H source switch - 
NAV. 


When FMC - V/H is selected, the V/H 
bus is fed to and modified in the camera 
head by mirror position only and does not 
take into account aircraft bank angle: It 
can be used in straight and level flight 
only. 


If NAV V/E source fails: 


s+ Set V/H source switch to VWSGT or 
MAN. 


=R-308C Normal Operation: 


- FMC switch - V/R; V/H source switch - 
NAV. 


When FMC - V/R is selected, the voltage 
on the bus is fed to the camera where it 
is modified by the aircraft bank angle, 
camera head mirror position and camera 
roll position. This modified signal is 
then fed to the IMC and Film Drive 
circuits. 


If NAV V/H source fails: 
b. Set source switch to VWSGT or MAN. 
If Bus fails in all positions: 
c. FMC switch - V/E. 


When FMC-V/H is selected, NAV V/R 
voltage is fed directly to the IMC and 
Film Drive circuits. (NAV V/R takes 
aircraft bank angle and commanded 
pointing angle into account but not 
actual camera head mirror position or 
camera roll position.) 


Image degradation as a result of using 
V/H in lieu of V/R can be slight to 
moderate depending on the stability of 
the aircraft. 


Pointing Angle Selectors 


Rotary PT ANGLE controls, on the PWR & 
SENSOR control panel, one for each camera, 
position the camera pointing angle during 
manual operation. The pointing range 
extends from zero to 45 degrees from 
‘aircraft vertical. The control is effective 
only when the respective CONT switch 
illuminates M. 


Remai Counters 


Four-digit EXP REMAIN counters, on the 
PWR & SENSOR control panel indicate 
exposures remaining for each camera. When 
the camera is freshly loaded each counter 
indicates @@BBP exposures. Camera cycling 
decreases the respective counter. 





NOTE 


There is a remote possibility that the 
counter(s) may stick and not drive. 
Assume normal automatic camera 
operation if the respective sensor 
light on the ANS NCD panel 
illuminates, pointing angle and V/H 
(V/R) indicators appear reasonable, 
and the respective FAIL light is not 
illuminated. 


Camera Pointing Angle Indicator 


A circular CAMERA PT ANGLE indicator is 
on the RSO's left instrument panel. The 
indicator has two pointers (L, R) indicating 
respective camera pointing angle from 0 to 
45 degrees, left and right of the aircraft 
vertical axis. In the manual mode, the 
indicator is a repeater for the pointing angle 
controls on the PWR & SENSOR control panel 
and indicates the manually selected angle. In 
the automatic mode, the indicator displays 
ANS pointing commands to the cameras. 


TECH NORMAL PROCEDURES 

For automatic camera operation: 

1. LH(RH) TECH power switch -ON. 

2. Mode control (CONT) switch - A. 

3. FMC selector switch - As required.” 
For manual camera operation: 

1, LH(RH) TECH power switch -ON. 

2. Mode control (CONT) switch -M. 

3. OPR switch - STP, 

4. FMC Selector switch - As required. 


5. MODE SEL switch - As briefed (1, 2, or 
3). 


6. PT ANGLE control knob - As briefed. 
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7. OPR switch - SRT/STP as briefed when 
appropriate. 
TECH MALFUNCTION PROCEDURES 


For EXP REMAIN counter not decreasing in 
AUTO continue normal operation if: 


a. TECH L and/or R sensor light is on. 


b. Pointing angle indicator responds to 
control point commands. 


c. FMC is valid. 


d. FAIL indicator and SENSOR FAIL 
lights are not on. 


NOTE 
A TECH camera FAIL indication may 
result from a camera malfunction or 
from a loss of V/H (V/R) signal input. 
Only the latter case can be corrected 
by the RSO, 


If the FAIL indicator is on use the following 
procedure to determine if the FAIL is due to 
a camera malfunction or a V/H (V/R) failure: 


1. Mode Control (CONT) switch - M. 

2.  OPR switch - STP. 

3. MODE SEL switch - Mode 3. 

4. V/H - Check. 
With V/H SOURCE selector switch in 
NAV and V/H MONITOR switch in BUS, 
check that the A needle on the V/H 
indicator indicates correctly. If indi- 
cation appears accurate go to step 9. 

If NAV V/H appears inaccurate: 

5. V/H - Select an alternate V/H source. 


If alternate V/H source appears accurate: 


6.  OPR switch - SRT. 
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NOTE 


Loss of V/H signal to the -11 HR- 
308B or loss of both V/H and V/R 
signals to the -21 HR-308B or HR- 
308C makes camera inoperative in 
Mode 3. Manual operation in Modes 1 
or 2, with grossly degraded FMC is 
possible in 20 second bursts. The 
FAIL indicator illuminates and the 
OPR switch must be cycled to STP 
then SRT every 20 seconds. 


7, EXP REMAIN counter - Note normal 
operation for 30 seconds. 


If FAIL does not illuminate, Automatic or 
Manual operation is available. 


If FAIL illuminates (for -21 HR-308B 


camera): 
8. OPR switch - STP. 


9. FMC switch - Set alternate signal if 
using -21 HR-308B camera. 


10, OPR switch - SRT. 


11. EXP REMAIN counter - Note normal 
operation for 30 seconds. 


If FAIL does not illuminate Automatic or 
Manual operation is available. 


If FALL illuminates: 

12. OPR switch - STP. 

13. TECH power switch - OFF. 
SIDE-LOOKING RADAR (CAPRE) SYSTEM 


The CAPRE System is a side-looking 
synthetic aperture radar. When installed, it 
replaces the Optical Bar Camera System.The 
Radar Correlator Display (RCD) can be 
operated with the CAPRE SLR System to 
produce an in-flight display for navigation. 
However, the main function of the SLR is to 
expose a film strip which records reflected 
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radar signals. Range marks and data block 
information are automatically superimposed 
on the film. The radar can cover a strip 10 
or 20 nm wide, on either side of the aircraft 
with the near edge of the swath between 10 
and 70 nm from the aircraft. The CAPRE 
can only image during non-turning flight. 
The ANS provides automatic stabilization to 
allow operation during limited drift angles. 
Mapping information received by the antenna 
in the aircraft nose section is recorded on 
film on two recorders in the aft portion of 
the right forward mission bay. 


Automatic and manual operating modes are 
provided. In the automatic mode, system 
operation is controlled by the ANS. In the 
manual mode, the RSO controls operation. 


Except for the power switch on the PWR & 
SENSOR control panel, controls and indicator 
lights for the SLR are located on the radar 
control panel on the RSO's right console. A 
display of radar altitude is also provided by a 
digital indication on the radar control panel. 
Power for the SLR is furnished by the 
essential ac and monitored dc buses through 
circuit breakers in the C-bay. 


Radar Power Control Switch 


The self-illuminated radar pushbutton power 
switch has a white illuminated RADAR leg- 
end in the top half and is located on the PWR 
& SENSOR control panel. The ON portion of 
the pushbutton alternately illuminates and 
extinguishes as the pushbutton is depressed. 
The FAIL portion of the pushbutton illumi- 
nates when the SLR fails self-test. Tlumi- 
nation of the FAIL light illuminates the SEN- 
SOR FAIL light on the RSO annunciator pan- 
el. Removing RADAR power or a successful 
SLR self-test extinguishes the FAIL light. 


RADAR CONTROL PANEL 


The radar control panel on the RSO's right 
console controls the SLR. See Figure 4-26. 
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START RANGE 





Figure 4-26 


Mode Selector Switch 





A self-illuminated mode selector pushbutton 
switch displays an illumizated MODE legend 
in the top half when power is applied to the 
radar. The bottom half of the switch has two 
legends, A (automatic), azé M (manual) which 
illuminate alternately as the pushbutton is 
depressed. A indicates automatic SLR oper- 
ation. M illuminates during manual operation 
and during normal system shutdown. 


Standby-Operate Switch 


The self-illuminated standby (STBY)/operate 
(OPR) pushbutton switch illuminates when 
the radar system warm-up period is 
completed (approximately 6 minutes after 
power has been applied). In the manual 
mode, the STBY na dOPR light illuminate 
alternately when the pu: n is depressed. 
In the automatic mode, the light indicates 

ate/standby commands received from the 








STAB Selector Switch 


Not functional. Stabilization is provided 
automatically by the ANS at all times. 


a el 


F203-178(a) 
SIDE Selector Switch 
The‘ self-illumininated SIDE selector 


pushbutton switch illuminates in either the 
manual or auto mode. The bottom quarters 
of the pushbutton have legends L (left) and R 
(right) which alternately illuminate when the 
push-button is depressed. In automatic mode, 
the legend indicates the antenna position 
command received from the ANS. 


SRV Selector Switch 


Not functional. The slant range velocity 
signal, utilized for motion compensation, is 
provided automatically by the ANS at all 
times. 


Width Selector Switch 


A radar mapping swath width selector switch 
is on the left side of the radar control panel. 
A WDTH legend is displayed in the top half of 
the switch. her N (sarrow) or W (wide) 


appears ip the bottom ball. 
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When start ranges of 20, 35, 40, 50 or 60 
miles are selected in a manual mode, a 
choice of either a 10 or 20 mile swath width 
may be made by alternately depressing the 
WDTH switch to illuminate either N (narrow, 
10 mile) or W (wide, 20 mile) coverage. The 
WDTH switch is electrically interlocked to 
illuminate only N for all other start ranges. 
Better radar image resolution will be 
obtained in the N position, and should be used 
unless mission requirements dictate a wider 
swath coverage. The RCD swath coverage 
and resolution are unaffected by the WOTH 
switch. In the automatic mode, the legend 
indicates the width command received from 
the ANS, 


Start Range Selector Switches 


Two thumb-wheel type start range selector 
switches, labeled RNG SEL are in the center 
of the radar control panel. The switches 
select the ground range at which mapping 
starts in manual mode. Start ranges of 10 
through 70 nautical miles may be selected in 
five mile increments. (Selection of the 
ambiguous 75 miles start range is electrically 
interlocked to provide 70 miles, as indicated 
on the START RANGE indicator). The RNG 
SEL legend and the numbers illuminate only 
when the mode switch is in M. 


Start Range Indicator 


A start range indicator, labeled START 
RANGE, is on the left side of the radar 
control panel. The indicator displays the 
ground range in nautical miles from nadir to 
the start of the swath being mapped. The 
indication should agree with the RNG SEL 
switch setting during manual mode operation. 
During automatic mode operation, the 
indicator indicates the mapping range 
command received from the ANS. 
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MILES UNUSED FILM Counter 


A MILES UNUSED FILM digital counter 
shows the nautical miles of film remaining in 
SLR recorder number one. It has a five-digit 
range of 0 to 4999. 4000 appears when the 
adjacent reset button is pressed. The initial 
indication is preset on the ground and the 
counter should not be readjusted in flight. 
Recorder number two has no associated dig- 
ital counter. 


Radar Altitude Indicator 


A radar altitude indicator is on the right side 
of the radar control panel. The indicator 
displays radar altitude above the terrain 
when the SLR is operating. 


The SLR will not update altitude if there is a 
difference of more than 5,000 feet between 
SLR and ANS altitude. If ten consecutive 
measurements are not valid, the altitude val- 
idity signal will be set to not valid. This 
signal is transmitted to the ANS to prevent 
ANS altitude update and turns off the SLR 
altitude display illumination. This also 
occurs if the SLR is turned off, placed in 
standby or if there is an SLR failure. 


NOTE 


The indicator lights could give erron- 
eous readings if the aircraft is over- 
flying heavy cloud concentrations. 
The indicator will provide normal 
readings when clear of these areas 
unless a radar altitude malfunction is 
present. 


BIT Test Indicators 


‘The BIT (Built-In-Test) indicator lights are on 
the right side of the radar control panel. The 
BIT is automatically activated approximately 
six minutes after the SLR is turned on and 
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remains activated until the SLR is turned off. 
If the tests are satisfactory, the green GO 
legend illuminates and remains on. If the 
radar malfunctions, the faulty radar compo- 
nent (XMTR, RCVR, SYNC, ANT, RCD, 
RCDR) indicator light(s) illuminate red. 
There is a possiblility of a momentary RCDR 
or XMTR fail indication during initial turn-on 
or when OPR is selected. This condition 
should self clear. 


NOTE 
If any BIT indicator lights illuminate, 
the SENSOR FAIL light and RADAR 


power switch FAIL light also illumin- 
ate. 


SLR NORMAL OPERATION 





The radar power switch must not be 
ON when the airplane is on the 
ground unless cooling air is supplied. 

For automatic mode operation: 

1. RADAR power switch - ON. 

2. MODE switch - A. 

For manual mode operation: 

1. RADAR power switch - ON. 

2. MODE switch - M. 

3. SIDE switch - As required. 

4. START RANGE switch - As required. 

5. WIDTH switch - As required. 

6. STBY/OPR switch - OPR, when required. 

SLR MALFUNCTION PROCEDURES 


The annunciator panel SENSOR FAIL light 
and the FAIL light on the power and sensor 


er 
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control panel illuminate for any failure. If no 
BIT malfunction is indicated and the FAIL 
lights remain illuminated, SLR operation is 
permissible. 


If a BIT light illuminates: 


XMTR - If the XMTR light is cycling on and 
off, shut the radar off using the normal 
shutdown procedure. If the light remains on 
steady, the system can still be used and 
operation with or without an RCD picture 
should be continued. 





Failure to turn the radar off when 
the XMTR light is cycling on and off 
can damage the radar transmitter. 


RCVR ~ SLR operation is permissible. If a 
malfunction exists, it may clear later. 


ANT - SLR operation is permissible. Mal- 
function may be due to "G" forces. 


RCD - SLR operation is permissible. Recycle 
RCD power switch. RCD use is doubtful if 
RCD BIT fail light stays on. RCD fail does 
not affect recorded signal. 


SYNC - SLR operation is permissible. 


RCDR - SLR operation is permissible. If the 
film counter is not moving, use of recorder(s) 
is doubtful. RCD may be used. Note RCDR 
number for maintenance information. 


NOTE 


The top portion of this dual RCDR 
light reflects RCDR number one and 
the bottom RCDR number two when 
two recorders are loaded. 


For normal shutdown (during straight and 
level flight): 
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1. Mode switch - M. 

2. STBY/OPR switch - STBY. 

After 30 seconds: 

3. RADAR power switch - ON extinguished. 
For emergency shutdown: 


1. RADAR power switch - ON extinguished. 


RECORDER CORRELATOR DISPLAY (RCD) 


The RCD is a self-contained unit in the 
forward portion of the aft cockpit. It oper- 
ates in conjunction with, but is independent 
of the radar recorder(s). The RCD operates 
when RCD power is applied and only when 
the SLR is in operation since it uses SLR 
doppler phase history video to produce an 
inflight display for navigation. The display 
moves downward at a rate proportional to 
ground speed and is normally 50 seconds (25 
nautical miles at cruise speed and altitude) 
behind aircraft position. The RCD map 
display is 15 nautical miles wide. This 
display must be stopped for target evaluation 
and navigation fixpoint error determination. 


RCD Control Panel 


The RCD control panel (figure 4-27) is below 
and to the right of the radar map display. At 
the left of the panel is a crosshair control. Ir 
the center are error readout position 
counters. There are six display indicator and 
control switches on the right side of the 
panel. 


Crosshair Control 


The CROSSHAIR control moves in all direc- 
tions but is spring-loaded to return to the 
center neutral position. When the control is 
moved from the neutral position, the cross- 
hairs on the radar map display move in the 
direction of control movement at a rate 
Proportional to the displacement. 
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Slant-Range Error Readout 


A three-digit counter, labeled SLANT 
RANGE - NML, indicates lateral error to the 
nearest one-tenth nm between predicted ANS 
fixpoint location, as indicated by the illumin- 
ated "L" marker on the radar display, and the 
actual location of the fix on the radar. An 
adjacent indicator displays LEFT or RIGHT 
to indicate direction of crosshair displace- 
ment from the ANS computed position. Al- 
though the maximum counter indication is 
99.9 nautical miles, the system will only 
display an error up to 15 nm. 


Along-Track Error Readout 


A three-digit ALONG TRACK - NMI counter 
indicates distance to the nearest one-tenth 
mm along track between predicted fixpoint 
location, as indicated by the "L" marker on 
the radar display, and actual fixpoint location 
on the radar. An adjacent indicator shows 
the direction of crosshair displacement, FWD 
or AFT, from the ANS computed position. 
The maximum error displayed is 12 nm, al- 
though the counters go up to 99.9 nm. 


Read Error Control Switch (READ ERR) 


This pushbutton switch transmits position 
error information from the RCD to the ANS. 
Depressing the switch during tape-filled 
Radar fixing causes the error data, generated 
by the position of the crosshairs on the RCD 
radar display, to appear in SELECTED DATA 
windows one and four on the ANS NCD panel. 
‘The error is displayed as N/S and E/W compo- 
nents in nautical miles and tenths of nautical 
miles. The READ ERR legend illuminates 
when the SLR begins manual or automatic 
operation. 


Map Storage Control Switch 


This pushbutton switch labeled HOLD/FULL 
is disabled. 


RCD Power Switch 
The RCD pushbutton power switch is labeled 


PWR in the top half, OFF and ON in the 
bottom half. The switch should be left in the 
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ON position if operation of the RCD is de- 
sired. The OFF position is used only for 
emergency removal of RCD power or recy- 
cling the RCD in specific RCD BIT-Light 
malfunctions. 


Crosshair Readout Zero Control Switch 


The crosshair readout zero contro] pushbut- 
ton switch, labeled ZERO in the top and 
WAIT in the lower half, electrically zeros the 
crosshair position on the radar display during 
position error determination. The ZERO 
legend illuminates when the SLR begins 
manual or automatic operation. Depressing 
the pushbutton when the RCD crosshairs are 
positioned over the intersection of the hori- 
zontal and vertical traces of the "L" on the 
radar display provides an electrical zero ref- 
erence point for subsequent crosshair move- 
ment. WAIT illuminates when the pushbutton 
is depressed, and stays on for five seconds. 
This provides time for the SLANT RANGE 
and ALONG TRACK counters to go to zero. 
The crosshairs can be positioned on the 
precise radar fix aimpoint after the WAIT 
light is off. 


Display Motion Control Switch 


The display motion control pushbutton 
switch, labeled MOT (motion) in the top half, 
R (run) in the lower right quarter, and S 
(stop) in the lower left quarter, stops the 
radar map display motion (as required for fix 
taking) during SLR operation. The legends R 
and S$ illuminate alternately as the push- 
button is depressed to start or stop radar map 
travel. The MOT legend illuminates when the 
SLR begins manual or automatic operation. 


RCD Operate Control Switch 


The self-illuminated, operate control push- 
button switch is labeled RCD in the top half, 
R (run) in the lower right quarter, and S 
(standby) in the lower left quarter. Whea 
power is applied to the SLR with ON illumin- 
ated on the RCD power switch, the RCD and 
S legends illuminate. When the SLR receives 
a continuous operate command (in automatic 
or manual mode), the R legend illuminates, 
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the RCD starts to run, and imagery becomes 
visible in 50 seconds. While the SLR operate 
command is present (initiated by either the 
ANS or the RSO), the switch is functional and 
may be operated to illuminate S or R. Once 
the SLR operate command is removed, the 
RCD goes to the standby status (S illumin- 
ated), and operating the switch has no effect. 
When a radar operate command is removed, 
the RCD does not immediately stop, but 
requires approximately 50 seconds for the S 
legend to illuminate and imagery on the radar 
screen to cease before going into standby 
mode. 


Video Gain Control 


This thumbwheel on the right side of the 
RCD control panel is disabled. 


Film Remaining Counter 


A four-digit, decreasing, RCD film remaining 
counter, labeled N MILES of FILM REMAIN, 
is located on a small panel to the left of the 
navigation map projector screen. The 
counter is preset to 3000 by pushing a reset 
button above the panel when the RCD film 
magazine is loaded. It continuously displays 
the amount of RCD film remaining in 
nautical miles. 


Display Brightness Control 


A display brightness control located at the 
top of the recess provided for the film re- 
maining counter is used to control RCD dis- 
play brightness. 


RCD PROCEDURES 


Power to the RCD is controlled by the 
RADAR power switch and by the RCD PWR 
switch. With the RCD power switch ON, the 
RCD and S legends on the RCD Operate 
Control Switch illuminate when power is ap- 
plied to the SLR system. 


NOTE 


The RCD will operate only when the 
SLR is operating. 
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RCD 


1 


2. 


CONTROL PANELS 


(sMeffele] 
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view A 


LEFT FORWARD 
RCD FILM REMAINING 
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view B 
RCD CONTROL PANEL 





RIGHT FORWARO 
Figure 4-27 
rove) 
Radar power control switch - ON. To stop display motion: 
RCD power switch - ON. 1. MOT switch -S. 


‘When the SLR is in an operate mode: 


3. 


4. 


5. 
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To measure ANS fixpoint error with motion 





RCD switch - R stopped: 

MOT switch - R. 1. CROSSHAIR control - Position radar 
map display crosshairs over the 

If the RCD does not drive and the RCD intersection of the horizontal and 

switch is in R (Run), this sxitch (MOT) is vertical trace of the ANS "L" marker on 

most likely in S (Stop). radar display. 





Display brightness - As desi 
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NOTE 


As the aircraft passes abeam the 
programmed fixpoint, a MARK light 
appears at the bottom center of the 
RCD screen. This alerts the RSO of 
an impending "L" marker. The 
MARK light remains illuminated for 
approximately 50 seconds until the 
"L"-mark appears on the display. The 
light goes out when the “L* mark is in 
the approximate center of the 
screen. 


2. Crosshair readout zero control switch - 
Depress. WAIT illuminated, then off. 


The slant-range and along-track counters 
on the RCD control panel go to all zeros. 


3. CROSSHAIR control - Position radar 
map display crosshairs over desired fix- 
point on radar display. 


The values of slant and along-track 
range errors appea: in the respective 
counters on the RCD control panel. 


To transmit measured erzor data to the ANS; 
4, READ ERR pushbutton - READ ERR. 

5. MOT switch - R. 

OPTICAL BAR CAMERA 

The Optical Bar Camera (OBC) is a high 
resolution panoramic camera with a "folded" 


“lens system. It provides 


Continuous Qa or coverage 
along the flight track through an angle of 70 
degrees on each side of the aircraft. 





The camera is mounted on a hatch in an OBC 
nose. The nose is interchangeable with the 
SLR nose. Camera controls are on the RSO's 
right console. Camera temperature is main- 
tained automatically. The film is supported 
by air through the canopy seal supply line. 
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The camera is not stabilized, but it has a 
vibration isolation and damping system which 
is compatible with its environment in the 
nose. 


An interlock is installed to prevent film dam- 
age. Even though the beaters remain ener~ 
gized, the interlock prevents power appli- 
cation to the camera whenever the skew bar 
and air cage are not receiving air. 


The OBC must be off unless both 
canopies are closed and the canopy 
seals are on. 


‘The lens system has a fixed relative aperture 
of @@MMB It is mounted on an “optical bar” 
which accommodates the lens and two mirror 
assemblies used to create the folded optical 
path. The optical bar revolves continuously 
around its longitudinal exis whenever power 
is applied. Film exposure is accomplished 
through a scanning slit shutter while the bar 
and film are in motion. Width of the slit is 
adjusted automatically to allow for 
differences in scene brightness and V/H ratio. 
Full coverage is 
provided through a scan angle of 140 degrees, 
with a field angle along the flight path of 
approximately 8 degrees. Aircraft forward 
motion compensation is provided during 
frame exposure when the V/H ratio is 
between 35 and 45 milliradians (mr) per 
second; otherwise, the forward motion comp- 
ensation is automatically set to 40 mr/sec if 
the applied signal is outside this range. 


Image format is nominally QF inches. 


A data block in each frame records mission 
information, frame number, and camera fore 
and aft or (vertical) orientation. 


Cyclic rate of the camera is controlled auto- 
matically by the frame overlap requirement 
of the mode selected, and by V/H forward 
motion compensation. 
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OBC FILM SIZE AND EXPOSURES 
a 


Thickness 3.0 MIL 1.5 MIL 

width 5 IN. SIN. 
Maximum Load 

Length 

No. of Exposures 
Standard Load 

Lengtt 
of Exposures 
Center Core 
Length 
No. of Exposures 








Figure 4-28 


Three operating modes can be selected in 
flight. Two » which result in 


ewemtee 
REEDS: provide cite: SD 


of successi: 





frames. In the 
is automatic. The nominal 
convergence angle is twelve degrees 


(approximately six degrees fore and aft tilt 
angle) in the QUID mode. 


Control and operating power for the camera 
is provided from the monitored de bus. Three 
phase ac power for the shroud, camera 
heaters and thermal control system is 
provided from the essential ac bus. Circuit 
breakers are located in the C-Bay. 


OBC Air Supply and Temperature Control 


Camera temperature in flight is controlled 
automatically by cockpit exhaust air and cold 
air from the air conditioning system. In 
addition, electrically operated heaters are 
Provided for the lens system and in the 
camera shroud. 


Air for the skew bar and air cage is obtained 
from the canopy seal supply lise (upstream 
from the canopy seal control valves) and 
operates as a cushion to separate the film 
from the surface of the skew bars where the 
film path changes direction. Figure 1-71 
depicts airflow to the OBC systex. 
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Refrigerated air for the OBC is supplied by 
an extension of the cold air supply manifold 
in the forward chine bay. It is normally 
directed.into a shroud above and on each side 
of the rotating lens system. It then exhausts 
into the nose compartment. Flow from the 
supply manifold is filtered and controlled by 
a barometrically sensitive valve which is 
open above approximately 45,000 feet. Flow 
into the lens shroud is also controlled by a 
diverter valve which opens into the nose 
compartment and reduces flow to the lens 
shroud when the camera lens system 
temperature decreases to a pre-set value. 
Air supplied from the chine bay manifold is 
capable of over-cooling the O3C lens’ system 
to some extent. This is overcome by electric 
beaters which maintain the optical bar 
temperature at approximately 105 °F. 


Conditioned air exhausted from the cockpit 
through the nose air shutoff valve is ducted 
to the top, front, and back of the nose 
compartment. From the front, it is directed 
aft to a shroud around the camera hatch 
windows. A T-bar outlet supplies cool air to 
the space near the top of the camera elec- 
tronics compartment and film transport 
shroud. Air is also directed toward each side 
of the camera shroud. Another source of 
cockpit exhaust air is provided by a small 
sonic venturi. This air is ducted to the 
camera power transistor locations at each 
side of the aft end of the camera assembly. 
These OBC compartment air supply ducts can 
also be supplied through a ground air con- 
nection located under the air exit louvers on 
the left side of the nose. 





© Interruption of cooling air from 
the chine bay and cockpit while 
at supersonic cruise speed can 
damage the camera. 


© The OBC must be off unless both 
canopies are closed and the 
canopy seals are on. 


ST 
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NOTE 


e The camera is normally pre- 
heated before nose compartment 
loading. Warm air is then sup- 
plied to maintain the lens system 
at 105°F +2° 


e@ Cockpit exhaust air is not avail- 
able unless both canopies are 
closed, the RSO's cockpit air 
shutoff handle is on (aft), and 
the Bay Air switch is ON. 


« Interruption of camera air sup- 
plies during the ground stabili- 
zation period or during subsonic 
flight will not damage the cam- 
era; however imagery may be 
degraded. 


OPTICAL BAR CAMERA CONTROL PANEL 


An optical bar camera control panel, labeled 
NOSE OBC, replaces the radar control panel 
on the right console in the aft cockpit. See 
Figure 4-29. 


Power Control Switch & Indicator Light 


An alternate action pushbutton POWER 
switch (guarded) controls ac and dc power to 
the OBC System, and indicates a failure 
condition. A white OBC legend is illuminated 
in the upper half of the switch. Operation of 
this switch alternately applies standby power 
to the OBC or de-energizes the system .. .. 





A green ON legend illuminates in the lower 
left quadrant of the switch when the OBC 
System is energized. In the standby 
condition, the lens drive and heater circuits 
are energized and the film supply spool is 
under partial power to retain film tension. 


A red FAIL legend in the lower right quarter 
of the POWER switch illuminates to indicate 
failure during self test or while operating. 
The FAIL indication can occur as a result of 
film depletion or improper skew bar air 
supply. In these cases, the camera reverts to 
the standby condition if in an operating 
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mode. A FAIL indication can also be caused 
by abnormal forward motion compensaton 
(FMC), improper film advance, center of for~ 
mat signal malfunction, malfunction of the 
capping shutter-or if the film has jammed and 
the film remaining counter is not cycling. In 
cases where the film has not jammed, the 
camera will continue to operate. 


NOTE 


Air for the skew bar and air cage 
system is obtained from the canopy 
seal pressure line. The camera will 
not operate without this supply, and a 
FAIL indication will occur if a self 
test is attempted. 


The SENSOR FAIL caution light on the RSO's 
annunciator pahel illuminates if a FAIL indi- 
cation appears on the NOSE OBC panel. 


Operate Switch 


An alternate action pushbutton OPERATE 
switch starts and stops the film transport 
mechanism. After the first successful self 
test of the OBC system, a white OPR legend 
illuminates in the upper half of the switch 
while OBC power is on. Regardless of 
whether the OPR light is on or off, either a 
green SRT or an amber STP legend illumin- 
ates in the lower left and right quarters of 
the switch if the power switch is on, The 
STP legend indicates standby mode. QE 


NOTE 


The OPERATE switch should be 
checked as soon as the power switch 
is ON. The STP legend should be 
illuminated. Actuate the OPERATE 
switch to illuminate STP, if neces- 
sary. 


Mode Cantrol Switch 


A triple action pushbutton MODE switch 
selects the perating 
mode, and the percentage of frame overlap in 
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OPTICAL BAR CAMERA CONTROL PANEL 


Jrower / 


/ OPERATE 


FILM REMAIN 


FIUM DRIVE INDICATOR LIGHT (WHIT 


SELF TEST CONTROL SWITCH AND INDICATOR LIGHT (WHITE) 





EXPOSURE REMAINING COUNTER AND COUNTER RESET BUTTON 
CAMERA POWER CONTROL SWITCH AND INDICATOR LIGHT (GUARDED) (WHITEIGREEWIRED) NOTE 
FILM DRIVE CONTROL SWITCH AND INDICATOR LIGHT (WHITEGREEWAMBER) 
MODE CONTROL SWITCH AND OVERLAP INDICATOR LIGHT (LEGENDS WHITE) 


Reolaces SLR control pane! 
when coerating with the OBC. 


F3-1776) 


Figure 4-29 


the @NRGUEN Ilurmination of the white 
CREE legend indicates 
Dlumination of the white 10 or 55 legend 
indicates that a 

deen selected wit! 

frame overlap, respectively. 


ion ae from 


Film Counter 


The selection 


The FILM REMAIN counter indicates the 
number of exposures remaining. At typical 
cruise conditions, the counter decreases 
approximately one unit per 1 3/4 seconds of 
Camera operation GQ mset 
age is selected. The interval is approx- 
imately 3 1/2 seconds in the 


eal 


A spring loaded rese: button is below the 
indicator window. The couster rotates to 

when the button is pressed. The 
counter is reset to QP or by the 
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ground crew before flight. The indication 
should not be readjusted by the RSO. Refer 
to Figure 4-28 for the number of exposures vs 
film load. Counter progression beyond 0000 
results in decreasing numbers from 9999. 


Film Drive Light 


An indicator light displays a white FILM 
DRIVE legend while the camera is operating. 
The light is extinguished with the OPERATE 
switch indicating OPR/STP. 


With the OPERATE switch indicating 
OPR/SRT, the light is turned on by the FILM 
REMAIN counter. A holding circuit holds the 
Light on for six seconds after the counter is 
pulsed. Receipt cf another impulse during 
this period resets the light time interval 
Since it is controlled by the FILM REMAIN 
counter pulses, the light will not illuminate 
or extinguish immediately when the 
OPERATE switch is actuated. 





ee 
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NOTE 


It may be possible to continue oper- 
ation after a FAIL indication, al- 
though degraded imagery is probable. 
Continued operation of the film tran- 
sport is indicated by the film drive 
light and continued cycling of the 
film counter. 


Self Test Switch 


The legend in the SELF TEST switch 
illuminates while the Power Control switch is 
on. The SELF TEST switch initiates a self 
test sequence for the OBC System. The test 
must be initiated while in the standby 
condition, and 17 to 35 seconds should be 

lowed for test completion. The camera will 
not begin self-test without skew bar air. 
During self test, the camera operates at half 
the normal speed. 


The FILM REMAIN counter indication should 
decrease five frames during the test, and the 
FAIL light should remain off. The FILM 
DRIVE light should not illuminate during self- 
test. The OPR legend in the operate switch 
will appear after satisfactory completion of 
the self-test. FAIL light illumination with 
termination of camera cycling indicates: 


a. Capping shutter not operating. 
>. Film supply depleted. 
¢. Abnormal FMC condition. 


d. Film center of format 


malfunction. 


signal 
. Improper film advance. 


OBC NORMAL PROCEDURES 
Preflight Check 


The preflight procedures will normally be 
completed by the ground crew. 


We ———_— 


SECTION IV 


With aircraft electrical or camera power off: 
1. OBC nose air supply - Warm air on. 


The camera is normally pre-heated in 
the shop before installation in the nose. 
After loading, a warm external air sup- 
ply must provide a stable temperature 
environment of approximately 105° in 
the nose. 





The camera must not be placed in 
operation with heated air supplied to 
the nose. The camera electronic 
controls and/or transistors 
may be damaged. 


power 


2. OBC Power switch - Off. 


Interior Check 


a. OBC Power switch - Off, (ON and FAIL 
lights off). 


Before Taxiing 


With the engines started, canopies closed, 
canopy seals on, and ground air disconnected: 


1. OBC Power switch - ON. 





The OBC must be off unless both 
canopies are closed and the canopy 
seals are on. 

2. Operate switch - STP ON. 


3. OBC Self Test - Completed, OPR/STP 
lights on. 


The self test is accomplished as follows: 
a. Operate switch - STP ON. 
b. Mode switch - "10". 


c. FILM REMAIN counter - Check. 
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wae” oor “GIBB are the normal 
indications. Do not reset the 
counter without the concurrence of 
the crew chief. 


SELF TEST switch - Press. 


The OPR legend of the operate 
switch extinguishes immediately, 
and the FILM REMAIN counter indi- 
cation decreases five units in ap- 
proximately forty seconds. The 
FILM DRIVE light will not illumizn- 
ate. 


The SELF TEST light remains on. 
Confirm iMlumination of the operate 
switch OPR legend, indicating satis- 
factory conclusion of the test. The 
power switch FAIL legend should 
remain off unless a malfunction oc- 
curs. 


In-Flight 
To initiate photography: 


1 


4-98 


V/H SOURCE switch - Set. 


The OBC normally uses the ship V/H 
signal selected with the V/H source 
selector switch. An internally generated 
value of 40 mr/sec is provided if the 
signal is not between 35 to 45 mr/sec. 


Exposure control system - Set. 


Refer to Exposure Control Normal 
Procedures, this section. 


OBC Mode switch - As briefed. 


OBC Operate switch - Check OPR/STP. 


OBC Operate switch - OPR/SRT. 


FILM REMAIN counter and FILM DRIVE 
light - Monitor. 





NOTE 


There is a 5 to 10 second delay after 
SRT illuminates before the FILM 
DRIVE light and FILM REMAIN 
counter indicate film transport. 
Steady illumination of the FILM 
DRIVE light and decreasing FILM 
REMAIN counter indicate proper 
camera cycling. 


To terminate photography: 
1. OBC Operate switch - OPR/STP. 





After selecting the standby mode do 
not reselect SRT for a minimum of 
ten seconds to avoid film transport 
damage. 


2. FILM REMAIN counter and FILM DRIVE 
light - Confirm stopped/extinguished. 


Confirm that the counter stops cycling 
and that the FILM DRIVE light extin- 
guishes six seconds after the last counter 
indication change. 


NOTE 


Depending on the optical bar position 
when STP is selected, camera oper 
ation may continue for one or two 
frames before reverting to standby. 


Engine Shutdown 
1. OBC Power Control switch - Off. 


The OBC System is not normally shut 
down in flight. 
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OBC MALFUNCTION PROCEDURES 
For-FAIL indication during ground self test: 


1. SELF TEST switch - Recycle when 


camera cycling stops. 
After camera cycling stops, wait ten 
seconds and then recycle the SELF TEST 
switch. If the FAIL indication remains 
on after two attempts to clear the mal- 
function, consider the camera inoper- 
ative. Notify the crew chief. 


For FILM REMAIN counter not decreasing in 
flight (FILM DRIVE light on or off): 


1. OBC Operate switch - STP. 

After 10 seconds: 

2. OBC Operate switch - SRT. If FILM 
REMAIN counter is still not decreasing 
operate OBC normally. 

For FAIL light on in flight: 

1. OPR/SRT - Check illuminated. 


If FILM REMAIN counter is decreasing oper- 
ate the OBC normally. 


If FILM REMAIN counter is not decreasing: 
2. OBC Operate switch - STP. 

After 10 seconds: 

3. OBC Operate switch - SRT. 


If FILM REMAIN counter is still not de- 
creasing: 





4. OBC Operate switch - STP. 
After 10 seconds: 


5. OBC POWER switch - Off for 2 seconds 
(ON extinguished). 


6. OBC POWER switch - ON. 
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Cycling the power switch allows the 
OBC logic to recycle and go into the 
correct standby mode if the film has 
jammed. 


7. OBC Operate switch - SRT. 
If FILM REMAIN counter decreasing 
with FAIL light on, operate the OBC 
normally. Degraded imagery is probable. 


If FAIL light on and FILM REMAIN counter is 
not decreasing: 


8. OBC Operate switch - STP for remainder 
of flight. 


If smoke, fire or vibrati 
the nose compartment: 





mn is apparent from 


9. OBC POWER switch - Off. 





The OBC system is not normally sbut 
down in flight. 


ELINT IMPROVEMENT PROGRAM (EIP) 


The EP system is comprised of the ELINT 
(electronic intelligence) equipment in the aft 
of the left and right aft mission bays. The 
control switch for the EP is on the PWR & 
SENSOR panel on the RSO's right console. 
The recorder assembly, consisting of a digital 
recorder and a continuous analog recorder, is 
in the aft of the left forward mission bay. 
The ELINT system covers a wide range of 
frequencies, detecting and recording on 
magnetic tape information used to determine 
the operation and location of radiating 
transmitters within a wide area along the 
aircraft track. The EDP system is passive, 
emitting no radiation It is entirely 
automatic, and after turn on requires no 
further adjustment. The system is interfaced 
with the ANS and MRS for data collection, 
and with the IFF, TACAN, SLR and DEF to 
prevent received intelligence from being 


Change 1 4-99 


SR-71A-1 


SECTION IV 


masked by transmissions of those aircraft 
systems. The ANS must be operating for the 
EIP to furnish meaningful data; however, the 
system operates independently of the ANS. 


The ELINT system performs two search func- 
tions simultaneously: special search, and gen- 
eral search. Special search is based on 
preflight instructions in the EIP computer, 
which designate emitters of special interest. 
Special search function can search the fre- 
quency spectrum from 

When a received signal matches the desi 
nated emitter, a monitor receiver is automa~ 
tically tuned to this signal for a pre-program- 
med period, and the signal pulses are passed 
to special detectors and recorded on tracks 
of the continuous analog recorder as video 
signals to be evaluated with special equip- 
ment after landing. 





The general search function searches the 
frequency spectrum from quay. 
This spectrum is divided into 6 bands, all of 
which are searched simultaneously. Every 
emitter signal received in the bands is 
recorded on the digital recorder as to time, 
frequency, direction, pulse width, and ampli- 
tude. 


Operating power for the left and right EIP 
units and the digital recorder is provided by 
the essential ac bus through circuit breakers 
in the C-bay. Operating power for the con- 
tinuous analog recorder is furnished by the 
28V monitored de bus through a circuit 
breaker in the C-bay. 


DIGITAL RECORDER 


The digital recorder records general search 
signals. It is enabled by the ELINT pusb- 
button switch on the PWR & SENSOR Control 
Panel and controlled by the ANS program. 
The maximum recording time is three hours. 


If desired, maintenance can program the 
RCDR pushbutton switch on the PWR & 
SENSOR Control Panel to control the digital 
recorder instead of the analog recorder. 
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CONTINUOUS ANALOG RECORDER 


The continuous analog recorder, a 14-channel 
Ampex Model AR-1700 wide band magnetic 
tape recorder, records special search signals, 
ELINT data from the on-board DEF systems, 
and maintenance data. The recorder can be 
operated automatically by the EIP system 
and/or manually by the RCDR pushbutton 
switch on the PWR & SENSOR Control Panel. 


The tape transport operates at 60 or 120 
inches per second. A 14-inch reel which 
supplies 9200 feet of one-inch magnetic tape 
provides 30 or 15 minutes of recording time 
per flight. There is no cockpit display of the 
tape remaining. If the recorder is operated 
manually, the RSO should log accumulated 
operating time. 


When recorder operation is commanded by 
the EIP system, recording of ELINT analog 
data is continuous. This capability permits 
more comprehensive collection and analysis 
of ELINT signals. 


EIP System Control Switch 


The EIP system and the digital recorder are 
controlled by the ELINT power switch on the 
PWR & SENSOR control panel. The switch 
has a white illuminated ELINT legend, a 
green ON light that illuminates alternately as 
the switch is depressed, and a red FAIL light 
that illuminates to indicate failure of the 
digital recorder. The RSO's master caution 
light and the SENSOR FAIL annunciator light 
illuminate if the ELINT FAIL light illumin- 
ates. 


Recorder Control Switch 


The continuous analog recorder (or, if pro- 
grammed by maintenance, the digital 
recorder) is controlled by an alternate action 
RCDR pushbutton switch on the PWR & 
SENSOR Control Panel. Ilusination of its 
white RCDR legend is controlled by the right 
console lights rheostat. A green STBY legend 
illuminates when the ELINT power switch is 
ON and the continuous analog recorder is in 
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tandby. A green RUN legend illuminates 
and STBY is extinguished when the recorder 
switch is pressed. The RUN legend indicates 
a manual-run command, it is not a positive 
indication that the recorder is operating. 
STBY illuminates and RUN extinguishes when 
the RCDR switch is pressed again. Any 
interruption of power to the recorder, such as 
pressing the ELINT switch off, will 
automatically cause it to revert to standby. 


NOTE 


The RUN legend will not illuminate 
when the continuous analog recorder 
is turned on by the automatic mode. 


When operating the recorder allow 9 seconds 
for the tape transport mechanism to reach a 
stable speed of 120 ips. A maximum of 10 
seconds is required to stop from this speed. 


EIP PROCEDURES 
To turn the EIP on: 
1, ELINT switch - ON. 


The system is operational immediately. 
The continuous analog recorder STBY 
light illuminates when the ELINT switch 
is ON. 


If ELINT FAIL light illuminates: 


2. ELINT switch - Off/After FAIL light off 
(approx. 15 seconds) - ON. 


NOTE 


© A 15 second delay is 
recommended after a power 
interruption before the system is 
turned ON. 


e If FAIL light reilluminates, the 
digital recorder is inoperative. 
The EIP system is operative and 


the analog recorder can be 
operated automatically or 
manually. 


ne ol 


SR-71A-1 


SECTION IV 


If the RCDR STBY light does not illuminate: 


3. RCDR switch - Press to illuminate STBY 
for automatic operation of the contin- 
uous analog recorder. 


For manual operation of the analog recorder: 
4. RCDR switch - RUN. 
NOTE 


¢ A maximum of 30 or 15 minutes 
(60 or 120 inches per second) of 
recording is available. 


e Allow 9 seconds for the tape 
transport to reach operating 
speed. A maximum of 10 
seconds is required to stop from 
operating speed. 


5. Time - Record. 

To stop manual recording: 
6. RCDR switch - STBY. 
7, Time - Record. 

For EIP shutdown: 


8.  ELINT switch - Off. 


V/H(FMC) SYSTEM 


The V/H (Velocity/Height ratio) or FMC (For- 
ward Motion Compensation) system provides 
dc voltage signals through the V/H bus to the 
cameras to improve photographic resolution. 
These signals cause the camera mirror or 
film platen to move in such a way that the 
terrain image remains stationary on the film 
during exposure while the aircraft moves 
forward. The voltages are scaled to repre- 
sent the angular rate of aircraft forward mo- 
tion relative to the terrain, The units of 
motion used are milliradians per second (mr/- 
sec). 


Two types of signals can be developed. V/H 
is provided when the signal represents 
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movement of the aircraft relative to a point 
directly beneath the aircraft (its nadir point). 
V/H is approximately the same as true 
airspeed divided by aircraft altitude. The 
signal can be generated by the ANS com- 
puter, from the optical viewsight system, or 
by manual inputs using a control on the V/H 
indicator. At 1835 KTAS and 77,500 feet 
elevation, V/H = 40 mr/sec. This is illus- 
trated by Figure 4-30. V/R (velocity/range 
ratio) allows photographic reconnaissance 
while turning; that is, when the desired ratio 
is that of aircraft speed relative to a surface 
point on the aircraft vertical axis. This is 
approximately the same as true airspeed 
divided by (altitude/cosine of the bank angle). 
V/H and V/R are the same at zero bank angle 
for vertically oriented cameras. 


Both signals can be modified automatically 
for camera pointing angle commands and 
aircraft rate of turn to assure optimum FMC. 
In some cases, the camera using the signal 
makes an internally computed adjustment. In 
others, depending on the type of camera, the 
ANS computer adjusts the signal. 


With an optical viewsight installed, four con- 
trols operate the V/H system: the V/E Power 
and V/H Source switches on the Power and 
Sensor panel, the V/H Monitor switch on the 
viewsight control panel, and the manual con- 
trol knob on the V/H indicator on the instru- 
ment panel. The traveling grid on the view- 
sight can be used to check the V/H signal 
when the viewsight is in wide angle. The 
Viewsight Rate control can be used to adjust 
the speed at which the traveling grid moves 
across the viewsight screen if the grid motion 
does not correspond exactly to motion of the 
terrain display. 


With a video viewsight installed (S/B R-2538), 
three controls operate the V/H system: the 
V/H Power and V/H Source switches on the 
Power and Sensor panel, and the manual 
control knob on the V/H indicator on the 
instrument pane}. 


Operating power for the V/H system is pro- 
vided from the essential ac bus through a V/H 
circuit breaker in the C-Bay. 
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V/B Power Control Switch 


The V/H Power control switch is an internally 
illuminated pushbutton on the PWR & SEN- 
SOR control panel. A white V/H legend is 
illuminated in the top half of the switch. 
Green ON and red FAIL legends are in the 
lower left and right quarters of the switch. 
Actuation of the switch to illuminate ON 
indicates that the system is energized and 
that power is being supplied to the V/H 
indicator and V/H amplifier. The system is 
de-energized when ON is extinguished. The 
FAIL light is not functional. 


NOTE 


FAIL legends illuminate in the TECH 
power switches if the V/E system is + 
de-energized while the cameras are 
operating. (The OBC power switch 

does not indicate fail if the V/H 
system is de-energized.) Monitor film 
counter cycling as a positive 
indication of normal operation. 


V/ SOURCE Selector Switch 


A five-position V/H SOURCE selector switch 
is on the PWR & SENSOR control panel. It 
selects the V/H source signal for the V/H bus. 
V/H bus voltage is regulated by the ANS 
computer when NAV is selected. Before S/B 
R-2538, viewsight signals are provided when 
the switch is in VWSGT. In MAN, the RSO 
regulates the signal using the manual control 
knob on the V/H indicator. The LH TECH 
and RH TECH positions are not functional. 


V/H MONITOR Switch 


With an optical viewsight installed, a five 
position V/H MONITOR switch is on the 
viewsight control panel. It controls the dis- 
play shown by the V/E indicator A-needle. In 
NAV, the A-needle displays V/E signals from 
the ANS. In VS, the A-needle displays V/H 
signals from the viewsight. I; BUS, the A- 
needle displays the V/E bus signal supplied to 
the camera(s). The LH and RE TECH posi- 
tions are not functional 
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With a video viewsight installed (S/B R-2538), 
the A-needle always displays the V/H bus 
signal. No V/H monitor switch is provided. 


V/S Indicator and Manual V/H Selector Knob 


A V/H indicator and manual V/H selector 
knob are located together on the RSO's instr- 
ument panel. The range of the indicator is 
from 30 to 50 milliradians per second. With 
an optical viewsight installed, the A-needle 
indicates. the V/H signal obtained from the 
ANS, the optical viewsight, or the V/H bus as 
selected by the V/H MONITOR switch on the 
optical viewsight control panel With a video 
viewsight installed (S/B R-2538) the A-needle 
indicates V/H bus signal. Position of the M- 
needle is manually controlled by the V/H 
selector knob in the lower right corner of the 
V/H instrument bezel. M-needle voltage is 
supplied to the V/H bus when the V/H source 
switch is in MAN. 


V/H SYSTEM PROCEDURES 
The V/H system should operate normally 
when speed and altitude conditions are such 
that the aircraft V/H ratio is between 30 and 
50 milliradians per second. 
To self test V/H: 

With optical viewsight: 
1. V/H MONITOR switch - BUS. 


With the video viewsight, the A-needle 
always displays the V/H bus signal. 


2% ~~ V/H SOURCE switch - MAN. 


3. Rotate V/H M-needle. Check A-needle 


follows. 


Check that the A and M-needles of the 
V/H indicator coincide. As the M-needle 
is moved by turning the manual V/H 





For normal operation: 

1. V/H power switch - ON. 

2.  V/H SOURCE switch - NAV. 
With optical viewsight installed: 


3. V/H MONITOR switch - BUS, then as 
desired. 


For V/H system malfunction: 
1, V/H SOURCE switch - Set. 
With video viewsight: 
a MAN. 
With optical viewsight: 
b. VWSGT or MAN. 
Determine a valid source. 
With video viewsight installed: 
2. Monitor V/H A-needle. 


The A-needle indicates V/H bus signal. 
Check signal validity and stability. 


With optical viewsight installed: 


2. V/H MONITOR switch - BUS. Monitor 
A-needle. If the V/H SOURCE switch is 
in VWSGT, monitor performance of the 
viewsight traveling grid. 


NOTE 


e <A V/H bus or V/H amplifier 
failure will cause the A-needle 
indication to be in error. 


© V/H indicator A-needle failure 
can be confirmed by monitoring 
the optical viewsight traveling 


control knob on the indicator, the A- grid. 
needle should follow and again coincide 
with the M-needle. 
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OPTICAL VIEWSIGHT 


Without S/B R-2538, the viewsight in the aft 
cockpit has a 9-inch diameter optical display 
at the top of the instrument panel. This 
ground viewing optical instrument allows the 
RSO to obtain visual fixes to update the ANS 
present position, measure V/H, and obtain 
data for manual operation of the camera 
systems. 


Two fields of view can be used. If the wide 
angle 136° field is selected, a de- 
magnification ratio of 6:1 occurs and the on- 
axis resolution at the nadir is approximately 
149 feet at normal cruising altitude. The 
viewsight display is centered at an angle 
approximately 14-1/2 degrees forward of the 
nadir. See Figure 4-31. The narrow angle 
selection provides a demagnification ratio of 
2:1 and an on-axis_— resolution of 
approximately 46 feet at nadir at cruise 
altitudes. ° 


The viewsight controls are located on the 
Power and Sensor control panel, the optical 
viewsight control panel, and on the bezel of 
the viewsight display. Short, traveling grid 
lines across the longitudinal center line of 
the optical display are used for V/H 
monitoring and adjustment. The grid lines 
are displayed only when the wide angle field 
of view is selected. 


The viewsight is unstabilized and will reflect 
all pitch and roll excursions of the aircraft; 
however, the ANS compensates for these 
excursions during automatic viewsight fixing 
operations. 


Viewsight Power Switch 


The viewsight power switch on the PWR & 
SENSOR control panel has a white VWSGT 
legend illuminated on the top half of the 
switch. A green ON legend in the lower left 
quarter illuminates alternately when the 
pushbutton is depressed. The red FAIL leg- 
end in the lower right quarter is not func- 
tional. 
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Viewsight Display Control Knob 


A two-position, push-pull knob, labeled 
MAGNIF, is on the right side of the viewsight 
bezel. Pushing the knob in provides a 136- 
degree field of view; pulling the knob out 
provides 56-degree field of view. The read- 
able scale, reticle image, and nadir line 
change when the field of view is changed. 
The traveling grid lines are displayed only 
when the 136-degree field of view is 
selected. 





The MAGNIF control knob must be 
moved cautiously when changing the 
field of view to prevent damage to 
the optical components. 


Cursor Control Knob 


A knurled wheel, on the left side of the 
display case, moves the cursor laterally for 
locating fix displacement along the nadir 
line. This control may be used during up- 
dating of the ANS. 


Cursor Ilumination Control 


A rotary cursor illumination control knob, 
labeled CURSOR ILLUM, is located on the 
left bezel of the viewsight. Clockwise rota- 
tion increases cursor illumination. 


Read Button 


A READ push-button is located on the left 
side of the display bezel. The pushbutton is 
depressed to insert a cursor displacement 
signal into the ANS for error readout when a 
fix crosses the nadir line. 


Reticle Mumination Control 

A VIEWSIGHT RETICLE illumination control 
on the viewsight control panel varies the 
intensity of reticle illumination. 


OPTICAL VIEWSIGHT CONTROL PANEL 


An optical viewsight control panel (Figure 4- 
33) is located in the center of the aft cockpit 
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Figure 4-33 


instrument panel. The panel contains con- 
trols and indicators which are a part of the 
V/H and nav map projection systems, and are 
described with those systems. 


Viewsight Grid Mlumination Control 


A viewsight grid illumination control on the 
left end of the viewsight control panel con- 
trols grid illumination. Full counterclockwise 
is off. 


VIEWSIGHT RATE Control Knob 


This rotary variable control synchronizes the 
traveling grid to correspond with terrain view 
travel across the viewsight display, when VS 
is selected with the MONITOR switch. 


Viewsight Diffuser Screen 


The diffuser screen has a vertical grid sur- 
face, and is hinged at the top with a detent 
latch to hold it in a stowed position. Without 
the diffuser the full screen image is visible 
only when the eye is 20 inches from the 
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screen, and within 3/4 inches of the optical 
axis, As the eye is brought closer to the 
screen, the visible image disc diameter be- 
comes smaller. When the diffuser is used, 
the viewer has two eye position capabilities 
in which lateral eye position is not critical. 
(Although the vertical dimension will vary 
when the eye is brought closer than 20 inches 
to the screen, the visible image will now be 
rectangular, having a constant, full horizon- 
tal dimension.) 


OPTICAL VIEWSIGHT PROCEDURES 


1. VWSGT power switch - ON. 


2, MAGNIF knob - Wide or narrow field, as 
desired. 

3. RETICLE illumination - As desired. 

4. Grid ILLUM - As desired. 


To use the viewsight V/H signal: 


5. V/H power switch - ON. 
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6. MONITOR switch - VS. 
7. MAGNIF knob - WIDE. 


8, VIEWSIGHT RATE - DEC or INC to 
match V/H grid with terrain movement. 


9. V/H SOURCE switch - VWSGT. 

To use viewsight for ANS updating: 
10. MAGNIF knob - Wide or narrow field. 
11, Cursor illumination - As desired. 


12, Cursor Control - Align cursor with fix 
point. 


13, READ push-button - Depress when fix 
point is at nadir. 


Do step 14 or 15: 
14, UPDATE switch - Press. 
Updates present position. 
15, MAN CLEAR - Press. 


Bypasses updating of present position. 


VIDEO VIEWSIGHT (S/B R-2538) 


The video viewsight is an electro-optical sys- 
tem in the aft cockpit used for vertical 
viewing and ANS position fixing. The optics 
and heat exchanger from the visual viewsight 
are integrated with a black and white (B&W) 
video camera, a processor and a 5-inch CRT 
cockpit display. Power is furnished by the 
essential ac and monitored dc buses through 
circuit breakers in the C-bay. 


There are two fields of view (FOV). The wide 
angle FOV is 114 degrees (one-fifth minifica- 
tion) with image resolution of approximately 
450 feet at cruise altitudes. The narrow 
angle FOV is 44 degrees (one-half minifica- 
tion) with image resolution of approximately 
225 feet at cruise altitudes. 
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At a 7.5 degree aircraft deck angle the video 
imagery is centered about a point 14.5 de- 
grees forward of nadir. 


In wide angle FOV the viewed angle is 79.7 
degrees forward and 31.9 degrees aft of 
nadir, In narrow FOV the viewed angle is 
39.8 degrees forward and 2.2 degrees aft of 
nadir. 


The viewsight display is at top center of the 
RSO instrument panel (Figure 4-33A) with 
system controls to the left of the display on 
the VIEWSIGHT CONT panel. 


The viewsight is unstabilized and will reflect 
all pitch and roll excursions of the aircraft; 
however, the ANS compensates for these 
excursions during automatic viewsight fixing 
operations. 


VIDEO VIEWSIGHT CONTROLS 


Viewsight Power Switch 


The alternate action push-button power 
switch is on the PWR & SENSOR control 
panel. A green ON legend illuminates when 
power is applied to the viewsight. The FAIL 
portion of the switch is not functional. 


Viewsight Control Panel 

Field of View Switch 

The two-position FIELD OF VIEW switch se- 
lects either wide (up) or narrow (down) FOV. 
See Figure 4-33D. 

Reticle Ilumination Switch 

The rotary RETICLE ILLUM control varies 
the reticle intensity independently of the 
display controls. 

VIDEO VIEWSIGHT DISPLAY CONTROLS 
Video Control Switches 

There are four rocker switches on the display 


perimeter, one at each corner. The top left 
switch is not functional. 
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Symbology Switch (SYM) 


The SYM switch at the top right corner 
adjusts the intensity of the cursor and leg- 
ends. 


Contrast Switch (CON) 


The CON switch at the bottom right corner 
adjusts video contrast. 


Brightness Switch (BRT) 


The BRT switch at the bottom left corner 
adjusts video brightness. 


Viewsight Bezel Switches 


There are 20 unmarked push-button bezel 
switches (five on each side of the display). 
The switches are numbered clockwise 
starting with switch number 1 on the bottom 
left-hand side. Only eight switches are act- 
ive. Except for switches 19 and 20, all are 
alternate action switches. See Figure 4-33A. 


Ambient Brightness Sensors 

Two light sensors on the bottom edge of the 
video display housing automatically vary the 
display gain for changing cockpit light con- 
ditions. 

VIDEO VIEWSIGHT DISPLAYS 


Bezel pushbutton switch functions and leg- 
ends change with each of the three viewsight 
pages (Figure 4-33C). 


Menu Page 


When power is first applied to the viewsight 
system the MEN page is displayed. 


Bezel 5- VIEWSIGHT CAL - OK legend 
or VIEWSIGHT CAL - NEED legend 


Pressing bezel 5 selects the calibration page 
Bezel 4 - VIEWSIGHT OPR legend 


Pressing bezel 4 displays the viewsight oper- 
ate page. 


Bezel 3 - SELF TEST legend 


Pressing and holding bezel 3 displays a six 
color test pattern with six brightness levels. 


Operate Page 
Bezel 11 - EXIT legend 
Pressing bezel 11 displays the menu page. 


Bezel 4 - CURSOR ON legend 
or CURSOR OFF legend 


If CURSOR ON is displayed, pressing bezel 4 
will activate the cursor and associated func- 
tions (READ, L, R, and CURSOR OFF leg- 
ends illuminate), If CURSOR OFF is dis- 
played, pressing the same bezel removes the 
cursor and associated functions. 


Bezel 1- READ legend 

Pressing bezel 1 inserts a cursor displace- 
ment signal into the ANS for error readout. 
The RSO ‘should press this bezel as the fix 
crosses the nadir line. 

Bezel 19 - R legend 

Pressing and holding bezel 19 provides slow 
cursor movement to the right for 3 seconds 
followed by rapid movement. Cursor move- 
ment stops when the bezel is released. 

Bezel 20 - L legend 

Pressing and holding bezel 20 provides slow 
cursor movement to the left for 3 seconds 


followed by rapid movement. Cursor move- 
ment stops when the bezel is released. 


Viewsight Calibration Page 

Bezel 11 - EXIT legend 

Pressing bezel 11 displays the menu page 
Bezel 12 - CAL DELETE legend (Red) 


Pressing and holding bezel 12 for five seconds 
deletes the existing calibration from memory 


(Note: 4-l10A thru 4-110G/4-l10H Blank deleted) 
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Figure 4-33A 


and activates the calibration functions (L, R, 
CAL ENT, and first calibration instruction 
legends illuminate). 


Bezel 5 

Calibration instructions appear one at a time 

in the following sequence after each step is 

correctly completed and CAL ENT is pressed: 
BW-W-CUR 0° (wide FOV, cursor at 0°) 


By APCUR 0° (narrow FOV, cursor at 
0 


BW-N-CUR 20° (narrow FOV, cursor at 
20° left or right) 


BW-W-CUR 40° (wide FOV, cursor at 
40° left or right) 





Bezel 4 


To enter a correctly completed calibration 
step into memory, press bezel 4 (CAL ENT 
legend). CAL OK appears for 2 seconds, then 
CAL ENT reappears along with the next 
calibration instruction. 


CAL ERROR flashes after CAL ENT is 
pressed if FOV switch is not set per 
instruction, CAL ERROR goes off when 
switch setting is corrected. CAL IN MEM 
comes on when all calibration steps are 
entered in memory. 


‘VIDEO VIEWSIGHT PROCEDURES 


1, VWSGT power switch - ON. 
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VIDEO VIEWSIGHT INTERFACE DIAGRAM 
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2. Video controls - As desired. 

3. FOV switch - WIDE or NARROW. 
4. RETICLE ILLUM - As desired. 
To use viewsight for ANS updating: 

1. FOV switch - WIDE or NARROW. 
2. CURSOR ON - Press. 

3. Align cursor over fixpoint. 


4. READ - Press when fixpoint crosses 
nadir. 


Do step 5 or 6: 


5, UPDATE switch - Press. 
Updates present position. 


6. MAN CLEAR switch - Press. 
Bypasses updating of present position. 


Viewsight Calibration 


A calibration may be performed on the 
ground or inflight in any aircraft attitude. 
The viewsight reticle must be visible. 
Calibration is normally accomplished by 
maintenance, 


With viewsight power ON and the MENU page 

displayed; if VIEWSIGHT CAL-NEED is in 

view, a calibration is required. 

With VIEWSIGHT CAL-NEED on menu page: 

1, VIEWSIGHT CAL-NEED - Press. 
Calibration page replaces menu page 
(Figure 4-328). If CAL IN MEM in view 
press and hold CAL DELETE for 5 
seconds. 

With BW-W-CUR 0° displayed: 

2. FIELD OF VIEW switch - WIDE. 


3. CURSOR - Set 0 degrees. 
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4. CALENT - Press. 
Press CAL ENT to enter preceding step 
in memory. CAL OK will appear for 2 
seconds, then CAL ENT will reappear 
along with the next calibration 
instruction. 
With BW-N-CUR 0° displayed: 
5. FIELD OF VIEW switch - NARROW. 
6. CURSOR - Set 0 degrees. 
7. CALENT - Press. 
With BW-N-CUR 20° displayed: 
8, Cursor - Set 20 degrees (L or R). 
9. CALENT - Press. 
With BW-W-CUR 40° displayed: 
10. FIELD OF VIEW switch - WIDE. 
11, CURSOR - Set 40 degrees (L or R). 
12. CAL ENT - Press. 


CAL IN MEM will 
calibration is complete. 


appear indicating 


13. EXIT - Press. 
EXPOSURE CONTROL SYSTEM 


An exposure control system provides a scaled 
voltage signal to the cameras to control the 
exposure for different conditions of sun angle 
and terrain brightness. Sun angle, measured 
from the horizon, is the basic reference for 
the exposure setting. The rotary selector has 
10 sun angle values between 5 and 90, and is 
set manually by the RSO, Each increment 
equals one-half stop of exposure setting. In 
most cases, mission planners will determine 
correct exposure settings. When mission 
planning data is not available or is invalid due 
to a delay in takeoff, the ANS sun angle 
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display and RSO observations of terrain re- 
flectivity can be used to set the CAMERA 
EXPOS control. 


Exposure System Control Switch 


A self-illuminated exposure system control 
pushbutton switch on the PWR & SENSOR 
control panel has a white-illuminated EXPOS 
legend, in the upper half of the pushbutton. 
A green-illuminated ON legend, in the lower 
left portion of the switch, illuminates 
alternately when the pushbutton is depressed. 
The exposure control system is energized 
when ON is illuminated. A red-illuminated 
FAIL legend in the lower right portion of the 
switch illuminates to indicate loss of power 
to, or within the exposure control unit. When 
the FAIL legend illuminates, and the pushbut- 
ton is depressed to extinguish the ON and 
FAIL legends, a voltage corresponding to 
nominal exposure (approximately 25-degree 
sun angle) will be supplied to the cameras 
from the PWR & SENSOR control panel. 


Exposure Control Knob 


The exposure control knob (figure 4-34) is on 
the left instrument panel. The control is set 
to a sun angle determined from mission 
planning data. A triangular index is provided 
for setting the control. The LOW REFL and 
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Figure 4-34 


HIGH REFL index dots are not used. Setting 
this knob accurately provides correctly 
scaled voltage to each type of camera for 
proper exposure control. 


EXPOSURE CONTROL NORMAL 
PROCEDURES 
To operate the exposure control system: 


1. EXPOS power switch - ON. 
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2. SUN ANGLE knob - Set. 


3. If mission planning data on CAMERA 
EXPOS setting is not available or is 
invalid, display sun angle on the ANS 
NCD panel, and set the CAMERA 
EXPOS control as follows: 


ANS Sun Camera ANSSun Camera 
Angle Expos Angle Expos 
57 - 90 65 14.5 - 20.4 20 


40.5 - 56.9 50 10.7 - 14.4 15 
28.8 - 40.4 37 7.3 - 10.6 10 
20.5 - 28.7 25 5.2 - 7.2 8 


NOTE 


Position 90 is not normally used ex- 
cept for camera resolution ranges 
having very high reflectance. Over 
resolution ranges, set CAMERA 
EXPOS two positions higher than nor- 
mal For example, if sun angle is 55 
degrees, set CAMERA EXPOS to 50 
for intelligence photography, but 
change to 90 for a resolution range. 


EXPOSURE CONTROL EMERGENCY 
PROCEDURE 


If FAIL light illuminates: 
1. EXPOS power switch - Off. 


A voltage corresponding to a 25-degree 
sun angle will be supplied to the 
camera(s) when the EXPOS power switch 
is off. 


MISSION RECORDER SYSTEM (MRS) 


The MRS records signals from various air 
craft data sources, including analog trans- 
ducer outputs, digital information sources, 
voice communications, DEF system, and 
event information sources. The information 
is recorded on magnetic tapes. 
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Power Control Switch 


A self-illuminated mission recorder power 
control pushbutton switch, labeled MRS in 
the top half, is on the PWR & SENSOR 
control panel. The switch contains the 
legends ON in the lower left quarter and 
FAIL in the lower right quarter. When the 
switch is depressed the ON legend illuminates 
to indicate that power is being applied to the 
recorder. The FAIL legend illuminates to 
indicate malfunction of the recorder, such as 
temporary power failure, broken tape, or end 
of tape. 


MRS control power is supplied from the mon- 
itored de bus. 


115 volt/400 cycle ac operating power is 
normally supplied from the No. 1 essential dc 
bus through a special MRS inverter. Oper- 
ating power is automatically switched to the 
essential ac bus to provide continuous 
recording if the MRS inverter fails. In the 
event of a double generator failure, a time 
delay relay (associated with the generator 
line contactors) allows the inverter to con- 
tinue for one minute after the second failure. 
Then inverter operation is terminated auto- 
matically to minimize dc loads on the No. 1 
battery. 


NOTE 
After an interruption of power, the 
MRS switch ON light comes on again 
when power is restored, but the re- 
corder remains inoperative. To re- 
start the recorder, recycle the switch 
to extinguish FAIL, then again to 
illuminate ON. 

MISSION RECORDER MALFUNCTION 

FAIL light on: 

1. Recycle MRS switch. 

If the FAIL light remains on: 


2. Disregard failure indication. 
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CENTER OF GRAVITY CALCULATOR 





FRONT VIEW 





ROTATING PLATE 





Figure 4-35 


ANS/MRS Dual Format Processor 
and ANS Recorder 


The ANS/MRS dual format processor provides 
the signals necessary for recording 128 and 
32 word ANS telemetry simultaneously. The 
128 word format is recorded on the ANS 
(NAV) recorder and the 32 word format is 
recorded on the MRS. The essential ac (39) 
and monitored dc busses provide power for 
the signal formatter and ANS recorder 
through circuit breakers in the C-bay. Re- 
cording time available with the ANS recorder 
is approximately eight hours. System control 
is accomplished by use of the NAV RCDR 
switch on the PWR & SENSOR panel. ON 
must be illuminated in the switch to record 
32 and 128 word format recordings. 


Mlumination of the FAIL legend in the NAV 
RCDR power switch after an ON condition 
indicates that the ANS recorder is not oper- 
ating. The ANS recorder is inoperable if 
recycling the power switch to a NAV RCDR 
ON condition does not extinguish the FAIL 
light; however, MRS recording can continue. 
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CENTER OF GRAVITY (CG) CALCULATOR 


The c.g. calculator is a circular slide rule 
designed to determine aircraft c.g. The 
calculator consists of a fixed plate, a 
rotating plate, and a cursor. The front of the 
fixed plate has a graduated moment index 
scale. The rear of the fixed plate has 
constant c.g. lines in percent reference 
chord. The rotating plate has individual fuel 
tank moments, graduated to the same angular 
moment scale as the front fixed scale, how- 
ever, these moment scales are labeled in 
increments of pounds from zero to full quant- 
ity. The cursor rotates about the center of 
the fixed and rotating plates. The front of 
the cursor has a hairline and the back of the 
cursor has a weight scale in addition to a 
matching hairline. 


Operation of the C.G. Calculator 


a. Set front cursor hairline to calculator 
moment index (from aircraft load sheet). 
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b. Hold cursor against fixed plate and turn 
rotating plate until zero for desired tank 
is under bairline. 





c. Hold rotating plate against fixed plate 
and move cursor to quantity in that tank. 


d. Repeat steps b and c for each tank until 
all fuel is loaded or all fuel remaining 
has been accounted for. 


e. Hold cursor in last position for fuel load, 
turn calculator over, and read c.g. in 
percent reference chord opposite gross 
weight on cursor hairline. 


NOTE 


While on the ground, c.g. com- 
puted using the manual c.g. 
computer should be corrected to 
allow for the effect of level 
rather than flight attitude. 
Refer to Section II, Starting 
Engines. 


e On the ground, when tank 6 is 
not full, use tank 6A and 6B 
scale. Fuel distribution must be 
obtained from mission loading 
form. 


DEFENSIVE (DEF) SYSTEMS 


The DEF systems defend the aircraft by 
electronic means. Arbitrarily assigned 
letters designate and identify the systems. 
Systems A2, C2, H and Mare currently 
operational. The DEF equipment installed 
varies. DEF systems are controlled and mon- 
itored by the RSO, using the DEF control 
panel, on the left console. In addition to the 
advisory light display on the DEF control 
panel, a series of DEF advisory lights are 
arranged on the DEF warning panel, located 
to the right of the radar RCD display. There 
are no DEF controls or displays in the for- 
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DEF CONTROL PANEL 


The controls and displays needed to operate 
all DEF systems are consolidated on a single 
panel on the RSO's left console. Power 
control switches, threat warning lights, and 
status and activity indicators for each system 
are arranged in rows on the right side of the 
panel. The rotary controls and lights on the 
left side are used for fail indications, system 
reset, testing, and operating mode selection. 
Two projection displays at the forward edge 
of the left side provide "GO" and "FAIL" 
condition advisory information. Refer to 
Figure 4-36. 


Go and Fail Displays 


The Go and Fail displays are forward of the 
mode switches. Go and Fail condition infor- 
mation and DEF system designations are pro- 
jected on the face of the two displays. The 
displays indicate results of operator-initiated 
tests and failures detected during system 
self-monitor tests. The following legends are 
provided: 








A LO A LO 
Cc M Hi M HI 

Go FAIL COMP HOT 
Go Display Fail Display 


(FAIL, COMP, and HOT indications appear in 
the same position) 


LO and HI legends both refer to DEF H. The 
FAIL, COMP (computer), and HOT legends 
are red; all others are white. During the 
warning and control panel lamp test, GO 
should appear on the Go display and A, LO 
and HI should appear on the Fail display. 
There is no DEF C2 designator in the Fail 
display. 
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DEF CONTROL PANEL 












Data deleted is classified LAW SR-71 P: 
dated 23 September 1996, 





The Go display shows the system selected by 
the SYSTEM SELECT switch (unless the 
system is not installed in the aircraft). The 
system designation remains illuminated until 
repositioning the SYSTEM SELECT switch 
extinguishes the designator. The word GO 
does not appear in the Go display until a self- 
test is satisfactory. A failure condition after 
self-test will not extinguish the GO. 


Normally, the Fail display is blank. FAIL and 
the corresponding system designator 
illuminate if a system malfunction is 
detected. HOT or COMP (computer) also can 
appear instead of FAIL. The HOT display 
applies to DEF A2 and H systems. COMP 
applies only to DEF H. More than one legend 
can be displayed simultaneously. In this 
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event, it is possible for the FAIL, HOT, 
and/or COMP legends to be superimposed. 


GO and FAIL can illuminate almost simultan- 
eously during system tests. Except for self- 
tests of the DEF H and M systems, a GO 
display is locked in when it appears. It stays 
illuminated until the SYSTEM SELECT switch 
is repositioned. FAIL can appear as a result 
of a subsequent failure during the self-test 
sequence, or as a result of a failure of 
another system while the self-test is in prog- 
ress. (In this latter case, another legend 
would appear in the Fail display.) 


With DEF H, a HI FAIL erases a LO GO 
display, and A LO FAIL erases a HI GO. In 
DEF H, the self-test is a single function. 
That is, a GO is a GO, and a FAIL is a F*” 
for the entire system. 
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DEF Power Switches 





Three alternate action pushbutton switches 
(labeled A, F/H, and M) control power for the 
DEF systems, White legends in the upper 
half of these switches illuminate to display 
the designations of the systems installed. 
When DEF H is installed, the F/H power 
switch may illuminate F for semi-automatic 
or H for fully automatic state. The DEF C2 
system is turned on when the A, M, or F/H 
power switches are ON, and is turned off 
when the A, M, and F/H power switches are 
off. If no other system is installed, DEF C2 
may be turned on (self-test, for example) by 
pressing one of the power switches. 
However, the switch must be held pressed as 
there is no interlock signal present to hold 
the switch in ON. When the A, F/H, and/or 
M, power switches are first pressed, the 
green ON and amber W (warm-up) legends 
illuminate in the lower left and right quarters 
of the switches. The system legends, 
inscribed in the corresponding status 
switches, also illuminate when their systems 
are turned on. When the system warm-up is 


completed, the power switch W legend 
extinguishes, and the amber S (standby) 
legend illuminates in the system status 


switch, 


Interlocks prevent the systems from being 
turned on accidentally when the electrical 
system is turned on. If a system is not 
installed, the ON and W legends cannot be 
illuminated by power switch actuation. 


The normal initial warm-up periods are: 





DEF System Tie (min) 
A2 3 
c2 0 
H 5 
M > 
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NOTE 


e If system H does not go to 
standby after six minutes from 
system turn-on, the probable 
cause is an open circuit breaker 
in the C-bay. 


e If system H is in standby, then 
goes to warmup without any 
crew action the probable cause 
is an open circuit breaker in the 


C-bay. Any threat indications 
that were illuminated vill 
extinguish. 

The left console light control rheostat 


regulates the intensity of the power and 
status switch legends, but not the intensity of 
the colored lights. 


Threat Warning and Activity Indicators 


The threat warning light legends, directly 
associated systems, and corresponding 
activity indicator lights are discussed under 
the descriptions of the associated DEF 
systems, 


Status Switches 


Seven alternate action switches are provided 
to control the standby (S)/operate (©) state 
of the DEF systems installed. Only those 
five switches associated with DEF A2, H, and 
M systems are functional. DEF C2B does not 
have a standby state; it is either on or off as 
determined by pressing a DEF power switch 
(A, M, or F/H). The status switch system 
designation legend 

illuminates when the associated power switch 
is ON. The status switch $ lecend illuminates 
at the end of system warm-uy, as the W 
legend on the associated power switch 
extinguishes, to indicate that the associated 
system is in a standby state. Pressing the 
status switch extinguishes the S legend and 
illuminates the O legend and begins system 
operation. Pressing the status switch 
alternately shifts the system to operate (O) 
or standby (S). The DEF H system §J S/O 
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switch will not function like the other status 
switches until the HI operate status switch is 
on. 


Auto/Manual Mode Switches 


The SYSTEM SELECT switch and three 3- 
position, self-centering AUTO/MAN mode 
switches control the operating modes of the 
DEF H system in the low and high frequency 
ranges. The mode selection in effect is 
indicated by illumination of the 
corresponding numbered automatic (A) or 
manual (M) mode indicator lights located in 
two rows along the bottom edge of the 


nus > | UNCONTROLLED 
COPY 


SRI SCO 

23 Sep 26 
Mode selection is accomplished by positioning 
the SYSTEM SELECT switch to H LO or to H 
HI, and then momentarily turning the num- 
bered AUTO/MAN mode switches to the re- 
quired AUTO or MAN position. The switches 
are spring-loaded to the neutral position. 
Mode selection can be made while in either S 
or O. 
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To cancel a mode selection, make the same 
selection again. The LO and HI band mode 
indicator lights confirm the settings in ef- 
fect. Manual mode selections override the 
corresponding automatic settings. However, 
when the manual mode is cancelled, the 
system reverts to the previously selected 
automatic mode unless it also has been can- 
celled. 





NOTE 
Jamming is inhibited if all modes are 


cancelled, but the threat warning 
indicators remain operative. 


Fail/Reset S; 





itch 


A single action switch, inscribed with a white 
RESET legend is right of the SYSTEM 
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SELECT switch. When illuminated, a red 
FAIL legend is visible in the upper half of 
this switch. The FAIL legend will illuminate 
simultaneously with the FAIL, HOT, or 
COMP legend and the system designator in 
the Fail display if the system malfunction is 
a type which can be reset; for example, a 
power transient during turn-on. Press the 
RESET switch to initiate reset. It is not 
necessary to set the SYSTEM SELECT switch 
to the corresponding system. The system 
designator and the FAIL, HOT, or COMP 
legends extinguish when the system returns 
to normal operation. 


NOTE 


The Fail/Reset switch only applies to 
DEF H. Systems A2, C2, and M have 
no Fail/Reset indications. 


Test Switch 


An alternate action switch, with a wh 
TEST legend, is below the RESET swit 
When illuminated, a green ON legend 1» 
visible in the lower half of the switch. It is 
used with the SYSTEM SELECT switch to 
start or stop the self-test for individual 
systems. To start a test, set the SYSTEM 
SELECT switch to the desired system and 
press the TEST switch. Illumination of GO in 
the Go display during the sequence indicates 
a satisfactory self-test unless a Fail display 
indication also appears for that system. (See 
Fail Indications/Malfunction Procedures for 
the individual systems.) The self-test ON 
legend will extinguish automatically after a 
self-test is started (10 seconds for A2; 12 
seconds for C2; 26 seconds for H; and 5 
seconds for MM). A self-test can be 
terminated during the sequence ty 
repositioning the SYSTEM SELECT switch or 
by pressing the TEST switch again to 
extinguish ON. However, a self-test of the 
same system or of another system cannot be 
started until completion of the self-test 
time-out period for the interrupted system; 
for example, 12 seconds for DEF C2. 


The DEF A2 system must be tested in th 
mode; therefore an external transmissiun 
occurs. DEF H can be tested in either the S 
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or O mode. The choice is dependent on 


whether an external transmission 
legends illuminated) is desired. 





System Select Switch 


A five-position rotary SYSTEM SELECT 
switch enables self-testing the individual 
systems, and selects DEF H AUTO/MAN 
operating * mode indicators. The 
corresponding system legend (A, C, M, or 
LO/HI for H) in the Go display illuminates 
when an installed system is selected with the 
SYSTEM SELECT switch. System selection 
must be made before initiating mode 
selection or a self-test. Selecting OFF, or 
repositioning of the switch while a self-test 
is in progress terminates the self-test. Do 
not initiate self-test of another system until 
completion of the full time programmed for 
the first self-test. 


NOTE 


The low and high bands for DEF H 
cannot be self-tested independently. 
Selection of either F/H LO or F/H HI 
automatically results in consecutive 
self-testing of both low and high 
bands. The FAIL legend can be dis- 
played for either band. A GO legend 
will be shown only for the selected 
band. Lack of a FAIL legend for the 
band not selected implies a GO. 


Control Panel Lighting 


The GO display, FAIL display, threat warning 
indicators, and H LO and H HI » activ= 
ity indicators are powered by the 28 V moni- 
tored dc bus through the DEF CONT circuit 
breaker on the RSO's right console. Panel 
and title lights for the DEF power switches, 
the RESET switch, and the TEST switch are 
powered by essential ac bus power through 
the L console PNL circuit breaker on the 
RSO's left console. All other lights on the 
DEF panel are powered by the essential ac 
bus through the L console LGD circuit 
breaker on the RSO's left console. 


Lamp test for the DEF control panel is 
accomplished by pressing the LAMP TEST 
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switch on the PWR & SENSOR control panel. 
This tests all indicators on the DEF warning 
panel and all lights and displays on the DEF 
control panel except the Go and Fail displays. 
Only the GO will illuminate in the Go display 
(A, C, M, LO, and HI will not illuminate), and 
only the A, M, LO, and HI will illuminate in 
the Fail display (FAIL, HOT and COMP will 
not illuminate). 


DEF WARNING PANEL 


The DEF warning panel is on the RSO's 
instrument panel, right of the viewsight. It 
directs the RSO's attention to the DEF con- 
trol panel if a threat or failure involves the 
DEF systems. See Figure 4-37, Seven red or 
amber warning legends are on the panel: 
these are 


uu EF FAIL illuminates 
when FAIL, HOT, or COMP is displayed in 
the Fail display on the DEF control panel. 
The other warning indicators repeat like 
indicators on the DEF panel, and therefore 
illuminate simultaneously with those 
indicators. 


Debted TH SRP) SCC 23 sept 7 


qe he significance 
of the various warnings is discussed under the 
descriptions of the associated DEF systems. 
Power for indicators on the warning panel is 
supplied by the monitored dc bus through the 
DEF CONT circuit breaker on the RSO's right 
console. 


DEF Az SYSTEM 








DEF A2 is 2 ea jammer ECV 
system with two sets of receive and transmit 
antennas, and a’ gaseous nitrogen system to 
pressurize the transmit waveguides. DEF AZ 
can respond tp : signals typiclof —_— 
mee sradars in the GQupmemrband-frequency 
range? Of —_—_€he antennas 
receive signals from emitters below the 
aircraft. The system identifies threat air- 
craft in the left or right forward quadrants. 
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DEF A2 can-be installed in the forward right 
chine bay (Compartment D). See Figure 4- 
37. The antennas and waveguides are 
permanently installed. The left and right 
transmit antennas protrude slightly from the 
lower surfaces of the chines, opposite the 
pilot's cockpit. The receive antennas are 
located aft of cut-outs on the left and right 
sides of the nose chines. The DEF A2 system 
is interfaced with the MRS, the Radar, and 


the EMR system. 
DEF A2 signals are 


applied to the AR-1700 recorder when 
mission requirements dictate. DEF A2 oper- 
ation, indication, and control data is recorded 
by MRS. 


Electrical power to DEF A2 is supplied from 
the essential ac bus and the monitored de bus 
through circuit breakers in the C-bay. See 
Figure 4-38. 


Cooling air is supplied directly to the DEF AZ 
repeater through an air duct and hose, which 
are connected to the aircraft cooling air duct 
during DEF A2 installation. Air flow is from 
the right mission bay air manifold and is 
controlled by the right mission bay air 
shutoff valve. 


DEF A2 Threat Warning & Activity Indicators 


Threat warning indications are provided by 
the WB and LT/RT legends on the DEF control 
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panel and LEFT/RIGHT legends on ue 
DEF warning panel. These indicators are 
operable in either the standby (S) or operate 
(0) mode. The @™p legend indicatesem 

hreat signal which 
exceeds the threshold setting of the system. 
The RT(RIGHT) and LT(LEFT) legends 
indicate receipt of a threat signal from 
either the forward right or forward left 
quadrant. Only one legend illuminates at a 
time, indicating the side with the greatest 
threat 





Jamming @mmemmactivity is indicated by the 
ome and em legends on the DEF 
control panel. Illumination of @™mmumms indi- 
cates adequate transmitter output power. 
Illumination of S33 indicates transmis- 
No TT 
signal. If both == threat signals are 
received, DEF A determines which signal 
represents the most significant threat and 
responds accordingly. 
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DEF Az is turned on and off using the DEF A 
power switch. Pressing this switch to 
illuminate ON supplies power to the DEF A 
to place it in a warm-up state, and 
illuminates the W legend on the power switch 
and the A legend on the DEF A status switch. 
Pressing the power switch to ON also turns 
on the DEF C2 system (not a part of DEF 
A2). Approximately three winutes after 
power is applied, the W legend extinguishes 
and the S legend on the status switch 
illuminates. This indicates warm-up is 
complete and the system is in S (standby). 





In the S mode, DEF A2 threat recognition and 
signal source direction circuitry are active. 
The @ /LT/RT threat warning indicators on 
the DEF control panel and =the 
@ LEFT/RIGHT indicators on the 
warning panel may illuminate; how  , 
jamming is inhibited. 
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ANTENNAS 
(LOWER CHINE). 
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Figure 4-37 
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a 
DEF AZ is in the operate mode when the A 
status switch is pressed to illuminate the O 
legend. In this mode, DEF A2 automatically 
changes from passive receiving to quay 
jamming. Mlumination of the ewww... legend 


indicates that DEF A2 is suswam (jamming) 
received rf threat signals, 





DEF _A2 Normal Procedures 

To turn on DEF A2: 

1. A power switch - Press to illuminate ON. 
The ON and W (warm-up) legends illumi- 
nate. If the SYSTEM SELECT switch is 
in A, A illuminates in the Go display. In 
approximately three minutes, the W leg- 
end extinguishes and the S (standby) leg- 
end in the status switch illuminates. 

NOTE 
Jamming is inhibited in the S mode, 
but the threat warning lights are 
operative. 

After warm-up is complete: 

2.  Astatus switch - Press to illuminate O. 
The S legend extinguishes and the O 
(operate) legend illuminates. Jamming * 
operations are automatic in the O mode. 

3. Self-test - Complete. 

Refer to DEF A2 Self-Test. 


To return to the S mode: 


1, A status switch - Press to i! 





The O legend extinguishes and the S 
legend illuminates. 


To turn off DEF A2: 


Ensure that the system is in the S mode 
before turning off power. 


1. A power switch - Press to extinguish ON. 
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NOTE 


Remain in the S mode after descent 
if it is desired to retain an immediate 
response capability. 


DEF A2 Self-Test 


Self-tests must be accomplished in the 
operate mode with the SYSTEM SELECT 
switch in A. During self-test, a self- 
generated pulse signal is introduced into the 
left channel to check the @™®mode, and a 
self-generated @@N8 signal is introduced 
into the right channel to check the mode. 
The test takes ten seconds. 





Due to the @™m radiation levels 
generated by a DEF external 
transmission, set DEF systems to 
standby and do not conduct self-test 
during air refueling. 
NOTE 

Mlumination of the Qu legend 
during any self-test indicates an 
actual external transmission. 

To self-test DEF A2: 

1, A status switch - O illuminated. 

2. SYSTEM SELECT switch - A. 
The A legend appears in the Go display. 

3. Test switch - Press to illuminate ON. 
Check for the following light indications: 


a. Test switch ON legend 
illuminated for 10 seconds. 


remains 


b. The following legends illuminate for 
the first five seconds and then 
extinguish: 
legends on the DEF control panel; 
Qa tegends on the DEF 
warning panel. 


UNCONTROLLED | 
COPY 


Change] 4-127 


SR-71A-1 


SECTION IV 


c. For the next five seconds, the 
following legends illuminate and then 
extinguish: 
legends on the DEF control panel; 

legends on the DEF 
warning panel. 


d. The GO legend in the Go display 
illuminates immediately and stays il- 
luminated until the SYSTEM SELECT 
switch is repositioned. 


If. any of the above indications do not appear 
and/or the FAIL/HOT legend illuminates, refer 
to DEF A2 Malfunction Procedures. 


4 


NOTE 


Any self-test can be terminated 
while the test is in progress by re- 
positioning the SYSTEM SELECT 
switch. However, a self-test of the 
same system or another system can- 
not be started until completion of the 
original test duration period. 


A status switch ~ Press to illuminate S. 


Return the system to S unless operational 
conditions dictate otherwise. 


DEF AZ Malfunction Procedures 
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NOTE 


The control panel RESET switch will 
not reset DEF A2. 


Electrical Fault 


In the operate mode, the Quam high 
voltage supplies and the pulser circuit 
are monitored. If any of these circuits 
fail, the A and FAIL legends cn the 
control panel Fail display and the DEF 
FAIL legend on the DEF warning panel 
illuminate. 


If the above conditions are present and 
the XMIT light does not illuminate 
during self-test or in response to a 
threat while in operate, an under/over 
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voltage condition or ionizat! 
could be present. In this case, remain .. 
© (S extinguished) for no more than 
twenty seconds after completion of the 
DEF A2 System Self-Test before 
returning to the S mode. Remaining in 
operate after the System Self-Test is 
complete will enable the system Fault 
Generator. The generator monitors 
various fault signals and system current 
levels. If a fault is detected, the Fault 
indicator is enabled and the appropriate 
MRS signal is generated. A 4-6 second 
timer is then allowed to check fault 
processing circuits. In essence, the sys- 
tem will attempt to correct the .mal- 
function and return to normal fault-free 
operation. Fault Generator activation 
should clear any transitory fault 
condition. If corrected, the system will 
be reset and provide normal Self-Test 
indications on subsequent Self-Tests. 





If the system fault is not corrected by 
Fault Generator activation, attempt to 
reset the system by recycling the 
power switch off for 10 seconds t. 
ON. 


If the XMIT portion of the system is 
disabled, remain in the S mode to re- 
ceive threat warning indications ob- 
served to be operable during the Self- 
Test. 





If the following indications are pre- 
sent during the DEF A2 System Self- 
Test, do not allow the system to 
remain in O (Self-Test completed) 
more than 20 seconds to prevent 
equipment damage: XMIT Light ex- 
tinguished, A and FAIL legends on 
the control panel Fail Display and 
DEF FAIL legend on the DEF 
Warning Panel illuminated. 
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Either @mmmmammms side can cause a If the DEF A2 HOT legend 
FAIL indication. The @mm side will illuminates, the. system shall be 
operate normally if the @™ side fails; turned off as soon as possible to 
however, if theqmm™m high voltage minimize damage to the sytem. 
power supply fails, the system will However, the system can be left in 
return automatically to the S the operate mode until FAIL appears, 
condition, and attempt to update the if an appropriate threat condition 
operate condition at  six-second exists. 
intervals. The FAIL legend will blink 
at six-second intervals. For DEF C2 SYSTEM 
operational missions, leave the 
system in O; otherwise, return to S. The DEF C2 system receives and processes 
r re ae 
2. Low RF Power signals in the @™™ frequency band cfm 
QQ The DEF C2 receiver is 


Low rf power is indicated by the® XMIT associated with @mm™mmm: operation of the 
legend being extinguished when the @> DEF H system. 

legend is illuminated in operate. No 

FALL legends will be illuminated. 


Recycling the system power probably 

will not correct the malfunction. If time JS 

and conditions permit, leave the power peaX 

off for a period of time and then ot = 
reattempt normal operation. If the LAW 
conditon was transitory in nature, the 

system may later operate normally. 


3+ Overeat Faut UNCONTROLLED 


A temperature switch on the DEF A2 
main chassis monitors the system for an 

over-temperature condition. The signal COPY 
provided by this switch illuminates the A 
and HOT legends on the DEF control 
panel Fail display and the DEF FAIL 
legend on the DEF warning panel. 





In this event, the system should be SCG 

placed to S then turned off. If may be é 
possible to operate the system again 23 sept 7 
after a cool down period. The system 


may be operated in a tactical threat 
situation, even with the HOT legend 
iMuminated. In this case, the receiver 
may operate normally, but the 
transmitter will operate at reduced 
power until FAIL illuminates. 
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when installed, DEF C2 system components 
are on the forward right chine bay door 
(Compartment D). ‘See Figure 4-37. Com- 
ponents include the DEF C2 receiver, 
band antenna, band-pass filter, DEF C2 
power relay, and electrical and coaxial 
cables. DEF C2 operates in conjunction with 
DEF H and the MRS. 


Electrical power to DEF C2 is supplied from 
the monitored dc bus through a circuit 
breaker in the C-bay. See Figure 4-39. 


Cooling air is supplied to the components on 
the DEF C2 door by air supplied to the right 


chine bay from the right mission bay cooling 
air manifold. 


DEF C2 Threat Warning & Activity Indicators 


Since DEF C2 does not require a warm-up 
period, its threat warning } legends 
are operational as soon as DEF A, DEF M, or 
DEF H power. is on. 


dA LAW SRASCS 


Sept (4 
7 7 Analysis and 


display characteristics of DEF C2 are 
independent of other systems' operation. 


oem threat warning legends are provided 
on the DEF control and warning panels. 
EE 


ere the anfegends on the 
DEF control panel and on the DEF warning 
panel illuminate steady, —— 





On receipt of an“™legend signal from DEF 
C2, the DEF H system is triggered into 
operation, provided it is set to the proper 
operating status. 
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Se DEF 
H will not transmit @™™— upon 
display of a DEF C2 — 
os SEE 
oe In this 
case, the DEF H @™® legend also 
will be illuminated. However, 
the legend is associated with 
the DEF C2 receiver, and will 
not illuminate unless an associ- 
ated@ legend is illuminated. 





e «In@the QE mode, 
DEF 4 will transmit@mummm when 
an@m™ legend illuminates if the 
proper modes are selected. 


© During refueling rendezvous, the 
UHF may cause erroneous Gimp 
eee indications if operated 
in the external mode, Gummy 
omer and approximately am 
(eee higher in frequency. 


DEF C2 Operation 


DEF C72 is turned on by pressing the DEF A, 
DEF M, or DEF F/H power switch (provided 
one of these systems is aboard the aircraft). 
DEF C2 is operational as soon as the DEF A, 
DEF M, or DEF F/H power switch is ON. To 
turn off DEF C2, the DEF A, DEF M, and 
DEF F/H power switches must be off. 


DEF C2 Normal Procedures 
To turn on DEF C2: 


1. A, M, or F/H power switch - Press to 
illuminate ON. 


The @@MNNEEMNP threat legends are now 
operative (no warm up is required). 


2. System self-test - Complete. 


Refer to DEF C2 Self-Test procedures. 
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To turn off DE! 


1. A, M, and F/H power switches - Off. 


System C2 remains on if A, M, 
power is ON. 


or F/H 


DEF C2 Self-Test 


DEF C2 must be tested independently, as 
self-tests of DEF A2, DEF M, or DEF H do 
not include DEF C2. The test takes 12 
seconds. 


To self-test DEF C2: 


1. A, M, or F/H power switch - ON 
illuminated. 


2, SYSTEM SELECT switch - C. 

The C legend appears in the Go display. 
3. TEST switch - Press to illuminate ON. 
Check for the following indications: 


a. Test switch ON legend remains illumin- 
ated for 12 seconds. 


b. The legend illuminates steady for one 
second and then begins flashing. The 
legend illuminates steady concurrently 
with the flashing legend. 


¢, The GO legend in the Go display illumin- 
ates immediately and stays illuminated 
until the SYSTEM SELECT switch is re- 
positioned. 


If any of the above indications do not appear, 
refer to the DEF C2 Malfunction Procedures. 


NOTE 


Any self-test can be terminated by 
repositioning the SYSTEM SELECT. 
switch during the test or by pressing 
the TEST switch again to extinguish 
ON. However, a self-test of the 
same system or of another system 
cannot be started until completion of 
the original test duration period. 
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There is no direct indication of a DEF C2 
failure. Indirect indications are the absence 
of a GO legend in the Go display and/or no 
illumination of the Qi warning legends 
during a self-test. 


Additionally, a DEF C2 failure might be 
indicated in a tactical situation by continuous 
illumination or rapid flashing 

activity indicator lights on the DEF 
control panel (in addition toa —ilegend for 
DEF 4) without illumination of the 
legends. A quick DEF C2 self-test can be 
initiated for verification. If the . 
legends illuminate, terminate the self-test 
immediately by repositioning the SYSTEM 
SELECT switch and continue monitoring the 
DEF panel. 


The only possible method of correcting a DEF 
C2 failure is recycling the system by simul- 
taneously recycling the A, M, and F/H power 
switches to off and back to ON. 





If DEF C2 has failed, and the aircraft 
is under a threat condition do not 
recycle DEF A, DEF M, or DEF F/H 
power switches. DEF A and DEF M 
are independent of DEF .C2 and DEF 
H can be activated manually in 
conjunction with the legends. 


DEF H SYSTEM 


Taw SR?/ 
23 Leptt 96. 


— 
jamming system 
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DEF H includes a transceiver, 
two transmitting systems, an interface unit 
(IU), a data processor, and an evaporative 
cooler. Radar signals received by the 
forward centerline receive antenna are sent 
to the transceiver, 


Signals associated with the 
which are received by an aft centerline 
antenna, are routed to the DEF H system 
through a band pass filter and pre-amplifier 
in the S-bay. The DEF H system then 
processes these signals if the 
status switches are in operate 
(0). 


NOTE 


The HI band status switch must be in 
O before the status switch can be 
set to O. 


ee 


SSS 


and provides an output to the AR- 
1700 recorder of the EIP system. The IU 
then controls the jamming pulses generated 
by the transmitting systems. The 
transmitting systems are designated as low- 
band and high band 

coverage). Each consists of 
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During manual operation, each band can be 
driven by commands from the DEF control 
panel to 

three 

modes). 


During operation, except for 
system transmit functions, the DEF H oper- 
ates identically to operation. Up- 
on receiving information from DEF C2, DEF 
H will transmit predetermined 
frequencies as determined by 
the LO and HI Mode selections. The 
jamming in the 
state is either computér controlled or 


predetermined broad band depending 
on whether is 
selected. If either of these modes is 
selected, jamming is in 


the corresponding band. 


The threat recog- 
nition characteristics and DEF H transmitted 
output characteristics are programmed in the 
computer prior to flight. See Figure 4-41. 


DEF 4 is installed in the forward left bay (X 
Bay). See Figure 4-38. DEF H operates in 
conjunction with the DEF C2 receiver system 
and the EIP AR-1700 recorder. It also 
supplies transmit, self-test results, mode 
select, system status, and fault data to the 
MRS. 


UNCONTROLLED 
COPY 


Change 1 4-133 


UNCONTROLLED 


SECTION IV 


COPY 





Electrical power to DEF H is supplied from 
the left generator ac bus through the 3-phase 
circuit breaker in the C-bay and from the 
monitored dc bus through the DEF F circuit 
breaker on the RSO's right console. See 
Figure 4~40. 


Cooling air is supplied directly to the DEF H 
unit through an air inlet opening which mates 
with the airplane cooling air duct during DEF 
H.installation in the aircraft. Air flow is 
controlled by the left mission bay air shutoff 
valve. The evaporative cooler acts as a heat 
sink for coolant fluid after it is heated. 


DEF H Threat Warning & Activity Indicators 


Threat warning is provided by the DEF H 
system 


Dlumi- 
nation of these legends reflect receipt of 


radar threats meeting preprogrammed para- 
meters, 


LEGEND/RADAR MATRIX 
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(jamming) is indicated by the 
continuous illumination of the associated 


correspond to the azimuth and 
elevation antennas for each band and illumi- 
nation signifies rf power is being radiated. 


NOTE 


© Due to the low power of 
jamming, the HI-band 
legends may not illuminate when 
rf power is being 
radiated, Ilumination of the 
legend is a valid indi¢ation 
of jamming. 


«© DEF H threat warning indicators 
remain illuminated — during 
jamming 


Illumination of DEF H threat 
warning indicators 


jamming has 
been activated in either high or 
low band. 


The legend illuminates steady when DEF 
C2 receives a signal. 
The legend flashes and the legend 
illuminates steady when DEF C2 receives a 
signal. If DEF H 
interprets the threat to be genuine, the 
Legend will also illuminate. With 
illumination of the legends, and 
with operation selected for either 
low band and/or high band trasmitters, 
jamming begins as evidenced by the low 
and/or high band legends 


illuminating. 
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DEF H SYSTEM SIGNAL FLOW 
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Figure 440 
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DEF C -H INTERFACES 
JAMMING ONLY) 





ALIGHT INITIATED, 


JAMMING STARTS IMMEDIATELY 


WHEN LIGHT ILLUMINATES. JAMMING STARTS ONLY AFTER 


‘AND CORRESPONDING LIGHT ILLUMINATES AND 
LO-R OR HI-R LIGHTS ON 


APPROXIMAT 
\TELY 3 SECONDS. ‘THE LO-R OR HI-R LIGHTS. 


BANDS IF SO SELECTED. 


FREE RUNNING BARRAGE COMPUTER CONTROLLED AND 
TYPE PROGRAM GENERATED PROGRAM 


SEMI-AUTOMATIC STATE ONLY 


—_—_———_- 





Figure 4-41 


4-136 Change 1 





| UNCONTROLLED 
COPY 


DEF H is turned on and off by pressing the 
F/H power switch. The system operational 
state is indicated by illumination of the F or 
H legend. 





Pressing the switch to illuminate ON places 
DEF H in a warm-up state, and illuminates 
the W legend on the power switch and the 

LO, and HI legends on the DEF H status 
switches. Pressing the power switch to 
illuminate ON also turns on DEF C2. At turn 
on, the DEF H receiver is activated 
immediately; thus, threat warning indicators 


are enabled. 


Because of the dangerous radio freq- 
uency radiation levels, do not turn on 
the DEF H system transmitters while 
on the ground unless all four antennas 
are covered with hoods, and mainten- 
ance personnel are on interphone. 


Following system turn-on, the data processor 
performs a self-test and loads all tables. 


Approximately five minutes after the power 
switch is ON, the W legend extinguishes and 
the S legends on the LO-band HI-band and 
status switches illuminate, indicating warm- 
up is completed and the system is in a 
standby state (S) ready for operation (0). 


DEF H is turned off by pressing the F/H 
power switch on the control panel to extin- 
guish the ON legend. This action initiates a 
three-minute cycle-out period. After three 
minutes, power is removed and the system 
shuts down, 


NOTE 


If DEF H is turned off inadvertently 
it can be reactivated at any time 
during the three minute cycle-out 
period. Otherwise, a full five minute 
warm-up is required. 
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System operating states are selected by using 
switches on the DEF control panel. The F 
and H legends on the F/H power switch, in 
conjunction with the A and M mode lights, 
indicate the existing operational state. 


ee 


During 

operation, only mode lights 
illuminate. If jamming is desired in both low 
and high bands, at least one mode light 
must be illuminated in each band. 


Manual operation can be selected when the 


Manual is indicated by 
illumination of either the F or H legend, and 
at least one M mode light. If. jamming is 
desired in both the low and high bands, at 
least one M mode light must be illuminated in 
each band. 


the alternate state can be 
selected using the following procedure. 


za sat 
ab: 


ste 
as 


a. SYSTEM SELECT switch - F/H LO or 
F/H HL 
b. TEST switch - On. 


NOTE 


If a FAIL legend illuminates, the sys- 
tem will default to 
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After test completion (26 sec): 


c. TEST Legend - Extinguishes and the 
threat warning indicators flash for 5 
seconds. 


During this 5 second period: 
d. Test switch - On, then Off. 


Mode selection is accomplished by setting the 
SYSTEM SELECT switch to the appropriate 
position (F/H LO or F/H HD, and then 
momentarily turning the numbered 


Selection of oper- 
ating modes can be made while the system is 
either in S or O. Refer to the 

Mode Switches under the DEF Control Panel, 
this section. 


NOTE 


It is not necessary that any of the six 
mode selections be in effect at a 
given time. Jamming is inhibited if 
all modes are cancelled, but the 
threat warning indicators remain 
operative. 


operation by the low or 
high band transmitters is established when 
any one of the modes in that bund 
has been selected, the H legend is illuminated 
in the power switch and the O legend is 
illuminated in the associated status switch. 


UNCONTROLLED 





Jamming is indicated by the legend 
illuminating, or the appropriate (LO and/or 
HI-band) legends illuminating. 

operation is initiated either by the 
DEF H computer or by DEF C2. 


When DEF H recognizes a 
threat and the corresponding 
legends illuminate, the associated thre> 
warning indicator 

illuminates and the jamming 

legends illuminate. 


radar 


DEF C2 can also initiate 

operation. The legend illuminates when the 

DEF C2 receiver recognizes a 

DEF H interprets video signals received from 

DEF C2 thereby 

illuminating the legend, the and/or 
legends will illuminate (if not already), 

and jamming will commence in the 

appropriate band. Once started, 

jamming is continous while the 

illuminated. Jamming ceases 

threat te ates 

As the number of 

received by DEF. C2 increases, 

jamming takes priority 
jamming of other radars. 


legend is 
when the 





radars 


over 


_ 
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NOTE 





© The legend is associated with 
the DEF C2 receiver and will not 
illuminate unless an associated 
legend also illuminates. 


e Even though the legend is 
located on the LO-band side of 
the control panel, it can be 
associated with either LO or HI 
band as indicated by the or 

light. 


operation (jamming) by the 
LO and/or HI band transmitters is established 
when one or more modes in that 
band has been selected, the F legend is 
illuminated in the power switch and ‘the O 
legend is illuminated in the associated status 
switch. 


Jamming is indicated by the legend 
illuminating, or the appropriate (LO and/or 
HI-band) legends illuminating. 
Mumination of the 
mode indicator light(s) indicates the 
modes in which jamming will take 
place. operation is initiated 
at pre-programmed threat frequencies upon 


receipt of’ a valid signal by 
DEF C2 
In operation when the 


legend is extinguished (DEF H not jamming), 
the DEF H receiver recognizes a 
radar threat. Corresponding 
and associated threat warning legends 
illuminate immediately. 
If DEF C2 receives a valid threat 
legend illuminates), DEF H jamming is 
initiated. All warning indicators except 
are inhibited. The 
legends are illuminated by 
the DEF H computer as the computer defines 
and tests the validity of the mission threat. 
DEF H jamming continues as long as the 
legend is illuminated. The legend is 
illuminated by the upon re eipt 
of a valid threat and the legend will 
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iNuminate indicating jamming as long as 
the legend is illuminated. 


During semi-automatic operation, upon re- 
ceiving information from DEF C, DEF H will 
transmit predetermined broad band frequen- 
cies. 


NOTE 


© The legend is associated with 
the DEF C receiver and will not 
illuminate unless an associated 
legend is also illuminated. 


«© Even though the legend is 
located on the Lo-band side of 
the control panel, it can be as- 
sociated with either LO or HI 
band. 


Manual Operation 


Manual operation (jamming) by the LO and/or 
Hi-band transmitters is initiated when one or 
more manual modes has been selected for 
that transmitting system and the O legend is 
illuminated in the associated status switch. 
Jamming is indicated by the appropriate 
legends illurmin- 
ating. Mlumination of the 
mode indicator light(s) indicates the modes in 
which jamming will take place. Manual oper- 
ation in either low or high band inhibits 
illumination of the threat warning legends 
and inhibits 
operation in both bands. 


jamming (with illumination of the 
legend) in a band set up for 
jamming, even if the other band was manual 
jamming. Manual jamming is terminated by 
pressing the status switch to illuminate the S 
legend or by cancelling all manual mode 
selections in that band. 


jamming can be initiated from each of 
the DEF H system operational states. The 
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must be set to operate by 
setting the HI status.switch to illuminate the 
© legend, then pressing the status switch 
to illuminate the O legend. 


is received, the RF is within 
the subsystem filter limits, and the 
RF is above the preset minimum threshold 
level, the DEF H system responds with a 


jamming program. 


Receipt of a valid threat is indicated by 
the legend illuminating. DEF H jamming 
of the threat is indicated by JAM 
illuminating on the —_acitivity indicator. 


NOTE 


Depending on incoming 
levels and system gain, the 
may or may not illuminate 
jamming. 


signal 


during 


DEF H Normal Procedures 


Because of the dangerous rf radiation 
levels, do not turn on the DEF H 
system transmitters while on the 
ground unless all four antennas are 
covered with hoods, and maintenance 
personnel are on interphone. 


To turn on DEF Hj 


1. F/H power switch - Press to illuminate 
ON. 


The ON and W (warm-up) legends will 
illuminate and either the F or H legend 
will iuminate, dependent upon the sys- 
tem operational status; 

The LO, and HI 
legends of the status switches will illum- 
inate and, if the SYSTEM SELECT 
switch is positioned to F/H LO or F/H 
HI, LO or HI will illuminate in the Go 
display. - In approximately five minutes, 
the W legend will extinguish and the S 
(standby) legends in the LO, HI, and 
Status switches will illuminate. 
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After warm-up is completed? 


2. Mode indicator lights - Check off. 





The mode indicator lights should be ex- 
tinguished during the initial warm-up. If 
not, set the SYSTEM SELECT switch to 
H LO or H HI as required, and turn the 
AUTO/MAN switches to cancel the 
mode(s) in effect. 


3. LO, HI, and 
illuminate O. 


e Except for tests or where 
tactical situations dictate, DEF 
8 should remain in S while below 
FL 500. This avoids transmitter 
operation causing a thermal mal- 
function due to decreased 
cooling at lower altitudes. 


status switches - Press to 


© DEF H transmissions may cause 
erroneous 


SE 
4. Mode selection - Complete. 


Using the SYSTEM SELECT switch and 
the switches, set at least 
one mode for both LO and HI- 
band systems. Ensure that the corres- 
ponding mode indicator lights illuminate. 


NOTE 


Transmitter operation for each band 
is inhibited if a transmit mode 

is not selected for the 
respective band. 


wo 


. .Self-test - Complete. 
Refer to DEF H Self-Test. 
To return to standby: 


1. LO, HI, and 
illuminate S. 


% ee 
To turn off DEF H: UNCONTROLLED 
CEPY 


ee te 


status switches - Press to 





Ensure that the system is in S before turning 
power off. 


1. F/H power switch - Press to extinguish 
ON. 


NOTE 


e If DEF H is turned off inadver- 
tently it can be reactivated at 
any time during the three minute 
cycle-out period. Otherwise, a 
full five minute warm-up is re- 


quired. 

e Remain in S if it is desired to 
retain an immediate response 
capability. 


DEF H Self-Test 


DEF H self-test permits a quick check of the 
system operating condition. Although the 
visual indications last 31 seconds, the actual 
self-test requires approximately five seconds. 
During self-test all threat indicator legends, 

illuminate 
steady for 26 seconds. 


Other indications are illumination of the GO 
legend, approximate ten second illumination 
of the LO and HI-band legends, 
and a one-second illumination of warning 
and JAM legends. The self-test can be 
accomplished either in standby or operate, 
with or without an selected. 
However, the transmit portions 

cannot be tested unless the 
system is in operate with an 
selected for the band to be tested. 


NOTE 


In stanéby (S), 2} functions are 
tested except for the actual transmit 
output. 


During self-test, the SYSTEM SELECT switch 
can be in either H LO or H HL Acceptable 
performance of the system is indicated by 
the illumination of the GO legend. In 
addition, either the LO or HI le; 
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iNuminates, dependent upon the SYSTEM 
SELECT switch position. (It does not mean 
that only that band has passed the self-test). 
GO will remain illuminated until the SYSTEM 
SELECT switch is repositioned. 


Self test is performed in the 

state even though oper- 
ation has been manually selected before the 
test. If the F legend on the F/H power 
switch is illuminated at the beginning of the 
test, the F legend extinguishes and the H 
legend illuminates. At the end of self-test, 
the H legend extinguishes and the F legend 
illuminates, 


A self-test failure will illuminate the HI, LO, 
COMP, and FAIL legends in the FAIL display, 
the FAIL legend on the RESET switch illum- 
inates, and the DEF FAIL legend illuminates 
on the DEF warning panel. Also all threat 
warning indicators go out. ‘The system is 
automatically placed in . 
legend on), The computer will stop and a 
reset must be initiated before system oper- 
ation can be continued. 





Due to the rf radiation levels gener- 
ated by a DEF external transmission, 
set DEF systems to standby and do 
not conduct self-test during air re- 
fueling. 


NOTE 
Mlumination of legends 
during any self-test indicates an ac- 
tual external transmission. 


To self-test DEF H: 


1. LO, HI, and status switches - 0 
legends illuminated. 


2. Mode selection - Complete. 
Ensure that an mode for both LO 


and HI band is set and their corre- 
sponding indicator lights are illuminated. 
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Transmitter opération for each band 
is inhibited if a transmit mode is not 
selected for the respective band. 


SYSTEM SELECT switch - H LO or H HI. 


The corresponding LO or HI legend ap- 
pears in the Go display. , 


TEST switch - Press to illuminate ON. 
Check for the following indications: 


a. TEST switch ON legend appears im- 


mediately and remains illuminated 
for 26 seconds. 
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5. 


NOTE 


Any self-test can be terminated by 
repositioning the SYSTEM SELECT 
switch during the test or dy 
depressing the TEST switch again to 
extinguish ON. A self-test of the 
same system or of another system 
can not be started until completion 
of the original test duration period. 
LO, HI, and status switches - Press to 
illuminate S. 


Return the system to S$ unless 
operational conditions dictate otherwise. 


DEF C2 interface with DEF H 


operational states can be 


b. If not already on, the H legend il- verified during a DEF C2 self-test. 

luminates on the F/H power switch. 
To test C2 interface with DEF H: 
c. 
legends illuminate for 1. F/H power switch - F illuminated. 

26 seconds. The TEST switch ON 3 
legend then extinguishes, the LO-R 2. SYSTEM SELECT switch - H LO. 
and HI-R lights remain illuminated. 
If in the 3. MODE switch momentarily. 
remaining indicators flash on and 
off for five seconds before 4. Low-band A3 mode light - Check on. 
extinguishing. All indicators then 
extinguish. 5. SYSTEM SELECT switch - H HI. 

d. Approximately three seconds after 6. MODE switch momentarily. 
test initiation the | warning and 

lights flash on for approxim- 7. High-band A2 mode light - Check on. 

ately one second, and the LO-band 
and HI-band legends il- 8. LO and HI status switches - On, O light 
luminate for 10 seconds. on. 

e. The GO legend illuminates after ap- 9. SYSTEM SELECT switch - C. 
proximately three seconds, and re- 7 . 
mains illuminated until the SYSTEM 10. TEST switch - Press momentarily. 
SELECT switch is repositioned. a 

f. At the conclusion of the self-test, lights on -Check. 
the F or H legend illuminates, indi- 
cating the state. 12. LO and HI status switches - Press to 

illuminate S. 
If any of the above indications do not appear 
and/or the FAIL/HOT/COMP legend illumin- 13. MODE selections - Cancel all. 
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The following test sequentially tests each 
mode for 10 seconds. 





To test DEF H manual transmit modes: 


1. LO and HI switches - O 


illuminated. 


status 


2. SYSTEM SELECT switch - H LO. 


The LO legend will appear in the Go 
display. 


NOTE 


This test involves sequentially testing 
each of the modes for 10 seconds. To 
minimize transmitter cycling shocks, 
the next mode is selected before de- 
selecting the previous mode. 


3. mode switch - Select MAN 
mode 1. 


Confirm that the LO band M1 indicator 
light illuminates. The LO band 

legends will illuminate and remain 
iMuminated as long as a MAN position is 
commanded. 


After ten seconds: 


4. mode switch - Select MAN 
mode 2. 


Confirm that the LO band M2 indicator 
light illuminates. 


5. mode switch - Deselect 


MAN mode 1. 
Confirm that the LO band M1 indicator 
light extinguishes and the M2 indicator 
light is still Mluminated. (If mode 1 had 
been selected previously as the 

light will illuminate.) The 
legends will still be illuminated. 

After ten seconds: 


6. mode switch -Select MAN 
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Confirm that the LO band M3 indicator 
light illuminates. 


7 mode switch - 
MAN mode 2. 


Deselect 


Confirm that the LO band M2 indicator 

light extinguishes and the M3 indicator 

light is still illuminated. (If mode 2 had 

been selected previously as the 
light will illuminate). The 

legends will still be illuminated. 


After ten seconds: 


8. mode switch - 
MAN mode 3. 


Deselect 


Confirm that the LO band M3 indicator 


light and the legends extin- 
guish. (If mode 3 had been selected 
previously as the light illum- 
inates). 


9. SYSTEM SELECT switch - H HL. 


The HI legend will appear in the Go 


display. 

10. Repeat steps 3 through 8 for the HI 
band. 
No lights will illuminate for 
HI mode 3. 


If any of the above indications do not 
appear and/or the FAIL/HOT/COMP 
legend illuminates, refer to the DEF H 
Malfunction Procedures. 


11. LO and HI status switches - Press to 
illuminate S, 


Return the system to standby (s) unless 
operational conditions dictate otherwise. 


DEF H Malfunction Procedures 


DEF H failures are indicated by illumination 
of the FAIL, HOT, or COMP legends on the 
Fail display, illumination of the FAIL legend 
on the FAIL RESET switch, non-illumination 
or extinguishing of the legends 
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ation thereof. 
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In most cases, a return to 


normal operation is accomplished by pressing 
the FAIL RESET switch (hereafter referred 
to as the RESET switch) after the TEST 
switch ON legend extinguishes. 


4-144 


NOTE 


The DEF FAIL legend on the DEF 
Warning Panel illuminates whenever 
a FAIL, HOT or COMP legend is 
illuminated on the DEF control panel 
Fail display. 


Electrical Power Failure 


This type of failure affects the and 
TWT power supplies. It is indicated by 
illumination of the HI and/or LO and the 
FAIL legend on the control panel Fail 
display and the absence of 

legends under jamming conditions (threat 
or self-test) for the associated HI and/or 
LO-band. 


Press the RESET switch. If this does not 
correct the fault and, if time and condi- 
tions permit, turn power OFF for 3 min- 
utes, then back ON. The system will 
come back on in the warm-up mode if 
the system has completed the cycle-out 
phase. Then perform the normal oper- 
ating procedures. If the system comes 
back on in the standby mode (S), the 
system did not complete the cycle-out 
phase, the fault remains, and the power 
will have to be recycled again. 
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Unfaulted transmitter(s) con- 
tinue to operate normally. This fault is 
indicated by the system (LO or HI band) 

legends being extinguished 
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The control panel FAIL legends blink o:. 
momentarily if only one channel is 
disconnected (either legend 
extinguished), but illuminate steady if 
both channels are disconnected 


legends extinguished). A 
disconnect of only one channel is 
referred to as a disconnect 


while disconnect of both channels is a 
complete disconnect. 


If either fault occurs, press the RESET 
switch. If the fault does not clear, return 
the system to standby, press the RESET 
switch, and return the system to oper- 
ate. If the corrective action does not 
correct the fault, and if time and con- 
ditions permit, turn power OFF for 3 
minutes, then back ON. The system will 
come back on in the warm-up mode if 
the system has completed the cycle-out 
phase. Then perform the normal oper- 
ating procedures. If the system comes 
back on in the standby mode (S), the 
system did not complete the cycle-o1’ 
phase. The fault remains, and the pow 
will have to be recycled again. 


Thermal Failure 


This failure is caused by several faults; 
over/under voltage, high oil pressure, 
high oil temperature, low oil flow or high 
temperature in the IU. A thermal fault 
is indicated by a (LO and HI band) HOT 
indication on the DEF control panel Fail 
display and by both systems' 

legends, if illuminated, extinguishing. 


With a HOT indication in either band, 
both bands return automatically to 
standby (S) until the fault clears or a 
manual RESET is performed. If the fault 
is transient, the system will clear itself, 
and both systems will return from S to 
O. With a HOT legend illuminated, DEF 
H should be turned off if continued oper- 
ation is not essential. If time perm‘™ 

allow a five to ten-minute coold« 

period with power off and the.. 
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reattempt normal operation. (The 
coolant pumps continue to operate for 
three minutes during the cycle-out 
phase.) In an emergency, the RESET 
switch may be pressed and jamming will 
resume after 60 seconds. If the fault has 
cleared within that time, jamming 
continues. If the fault is still present 
after 60 seconds, both systems return to 
standby (S) and must again be reset 
manually to resume jamming. If the 
tactical situation warrants, this action 
can be repeated as required but may 
cause permanent damage. 








The RESET switch should not be used 
in training situations to clear a 
thermal failure. It is reserved for 
tactical situations. 


NOTE 


A thermal failure in the IJ results in 
the HOT legend illuminating. This 
failure cannot be overridden and 
manual mode must be selected. 
When the manual mode is selected, 
the HOT legend extinguishes. 


Low RF Output Power 


If an antenna does not receive adequate 
power from its transmitter, the associ- 
ated legend does not illuminate 
during jamming. 


Return the system to standby, press the 
RESET switch, and return the system to 
operate. If this does not correct the 
fault, and if time and conditions permit, 
turn power OFF for 3 minutes, then back 
ON. The system will come back on in 
the warm-up mode if the system has 
completed the cycle-out phase. Then 
perform the normal _ operating 
procedures. If the system comes back on 
in the standby mode, the system did not 
complete the cycle-out phase. The fault 
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remains, and the power will have to be 
recycled again. In a tactical situation, 
do not recycle power if one antenna 

is jamming. FAIL 
legends are not associated with this mal- 
function and it is doubtful that it can be 
cleared. 


Computer Failure 


A failure which causes the data proces- 
sor (computer) to cease operation is indi- 
cated by HI, LO, and COMP legends 
illuminating on the DEF control panel 
Fail display and all automatic operation 
ceasing. 


Press the RESET switch. If this does not 
correct the fault, and if time and condi- 
tions permit, turn power OFF for 3 min- 
utes, then back ON. The system will 
come back on in the warm-up mode if it 
has completed the cycle-out phase. 
Then perform the normal operating 
procedures. If the system comes back on 
in the standby mode, the system did not 
complete the cycle-out phase, the fault 
remains, and the power will have to be 
recycled again. 


If the failure persists, manual jamming is 
available and the only warning indica- 
tions would be the 

legends. 


The computer conducts a diagnostic self- 
test at system turn-on. If a computer 
fault occurs, a reset may be attempted. 
If the fault clears, operation can be 
continued. If the fault does not clear, 
manual operation is the only state avail- 
able. 


DEF C2 interface Defect 


An interface defect between DEF C2 
and DEF H could result in DEF H not 
responding automatically 
when a signal is received 
by DEF C2. Since neither system recog- 
nizes this failure, FAIL legends would 
not illuminate. The only indication 
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would be illumination of the 

legends without corresponding or 

jamming of thé LO and/or HI band. (An 
legend without an legend 

would indicate optical guidance.) 
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If the legends illuminate, but 
the legend does not illuminate, initi- 
ate manual jamming as long as the leg- 
ends are illuminated. 


Continuous illumination of the DEF 
C2 legend, without a corresponding 
legend, could indicate a 


threat and/or interface failure be- 
tween DEF C2 and DEF H. 


DEF M SYSTEM 


DEF M is a deceptive repeater jammer ECM 
system that. reacts against 
ot’ 


XN 
Ps 





DEF M indications on the DEF control panel 
are provided to the MRS for postflight analy- 
sis. Except for electrical power and cooling 
requirements, DEF M does not interface with 
any other aircraft or DEF systems. 


The DEF M unit, located on a rack in the D- 
bay, is ground programmable through the 
User Data Memory module (UDM). Programs 
are selected in 
bands; each band center is programmable in 
The 
bands may overlap, be adjacent or non- 
adjacent, in any combination. 


4-146 Change 1 


SR-71A-1 


DEF M uses a single 

antenna 

and is time-shared between the receive and 
transmit functions. The antenna is located 
on the fuselage bottom centerline at FS 315, 
forward of the viewsight window and is 
protected by a slightly protruding fiberglass 
radome. 


Electrical power is supplied to DEF M from 
the essential ac and monitored dc busses 
through circuit breakers in the C-bay. See 
Figure 4-42. 


Cooling air is supplied to the DEF M unit 
through an inlet plenum and hose connected 
to the D-bay cooling air duct. Air flow is 
from the right mission bay air manifold which 
is controlled by the right bay air shut-off 
valve. 


DEF M Threat Warning & Activity Indicators 


Threat warning indications are provided by 
the legend on the DEF control panel = 
the legend on the DEF warning panel. 1 
indications are operative in the standby (y, 
and operate (O) modes. 


In standby, the legend may flicker when 
the received signal strength is near the 
preset threshold. In operate, the 
indication will only illuminate in a steady 
state, indicating a designated threat signal 
has been received and countermeasures are 
‘to be taken. MTlumination of the 

legend indicates the system is responding to 
the threat. Jamming continues for 5 seconds 
after a threat is no longer present. The 

and legends will then extinguish 
simultaneously. 


DEF M Operation 


DEF M is turned on and off using the VM 
power switch. Pressing this switch to 
illuminate ON places the DEF M unit in a 
three minute warm-up state indicated by 
illumination of the power switch W legend 
and the status switch M _ legend. At 
completion of warm-up the ‘V extingui 
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and the M status switch S legend illuminates. } 
In standby (S illuminated) DEF M is capable DEF M Self-Test--___ 
of threat detection and warning but, counter- 





measures are inhibited until the system is set Self-test may be accomplished in standby or 
to operate (O illuminated) by pressing the M operate. A self-test in standby can produce a 
status switch. GO indication, but the system jamming cap- 

ability will not have been tested. Therefore, 
DEF M Normal Procedures self-test is normally accomplished in operate. 
To turn on DEF M: Self-tests are performed with the SYSTEM 

SELECT switch set to M. A self-test 
1. M power switch - Press on. requires 5 seconds although all checks are 


completed within the first 1.5 seconds. 
ON and W legends illuminate. With | During self-test in operate a transmission of 
SYSTEM SELECT switch set to M the M less than 1 second will occur. 
legend illuminates in the GO display. In 
approximately 3 minutes the W legend 
extinguishes and the status switch S 





(standby) legend illuminates. Do not perform self-test during air 
refueling. 
NOTE 
Threat warning lights are operative. NOTE 
The self-test cannot be reinitiated 
After warm-up: until the five seconds have elapsed. 
2. M status switch - Press to illuminate O. To self-test DEF M: 


The S legend extinguishes and the O 1. ™M status switch - O illuminated. 
(operate) legend illuminates. Jamming is 


automatic in operate. 2. SYSTEM SELECT switch - M. 
3. Self-test - Complete. M legend appears in the GO display. 
Refer to DEF M Self-Test. 3. TEST switch - Press to illuminate ON. 
To return to standby: Check the following indications: 
1. M status switch - Press to illuminate S. a. Test ON illuminates immediately 


and remains for 5 seconds. 
To turn off DEF M: 


b. The following DEF control panel 


Ensure $ illuminated before removing power. legends illuminate for 1 second; M 
XMIT, FAIL/RCV, GO in GO dis- 
i. M power switch - Off (ON extinguished). play, and M and FAIL in the FAL 

display. 

NOTE 

c. After 1 second, the GO display GO 
If immediate system availability is legend remains on until self-test is 
desired maintain DEF M in S mode. complete then it and the TEST 


switch ON legend extinguish. 
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4, SYSTEM SELECT switch - OFF. 
GO display M legend extinguishes. 


5. M status switch - O or S, as required. 


DEF M Malfunction Procedures 


For a FAIL indication attempt to reset DEF 
M by ensuring the system is in standby and 
then cycling the power switch off and back 
on. If the system is off for less than 10 
seconds the warm-up period is reduced to 45 
seconds. 


NOTE 


DEF M cannot be reset with the DEF 
control panel RESET switch. 


DEF SYSTEMS INTERFACE/ 
RELIABILITY CHECKS 


The following tests of systems interface and 
reliability should be initiated as soon after 
takeoff as convenient. They should be 
accomplished before acceleration to super- 
sonic speeds but can be finished after 
transonic acceleration if required. The 
checks performed will depend on the actual 
combination of systems aboard the aircraft. 
See the respective Self-Test discussions for 
each DEF system. 





Due to the rf radiation levels 
generated by a DEF _ external 
transmission, set DEF systems to 


standby and do not conduct self-test 
during air refueling. 
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To avoid DEF H damage due to 
overheating, do not exceed the 
transmission time periods scheduled 
for the reliability checks while 
testing in the manual modes below 
FL 500. 


NOTE 


© Any self-test can be terminated 
while the test is in progress by 
repositioning the SYSTEM 
SELECT switch. However, a 
self-test of the same system or 
of another system cannot be 
started until completion of the 
original test duration period. 


e For training missions, perform 
several self-tests of each system 
during flight. For operational 
missions, perform another DEF 
A2 self-test prior to final 
descent; whether or not self-test 
of DEF H will be performed 
prior to descent varies for 
operating locations and will be 
briefed. 


DEF A2 - Self-test. 
DEF H - Self-test. 


DEF C2 (With DEF H installed) - Self- 
test DEF C2 and DEF H interface. 


DEF C2 (Without DEF H installed) -Self- 
test. 


DEF H - 
modes. 


Test the manual transmit 


DEF M - Self-test. 
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ASTROINERTIAL NAVIGATION SYSTEM 
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The ANS is an inertial navigation system 
employing a star tracker to eliminate gyro 
drift and to limit position error. The system 
provides a steering signal to the autopilot for 
guiding the aircraft automatically along a 
predetermined flight path. It provides 
heading, attitude, and position information to 
cockpit displays. The ANS can control the 
Advanced Synthetic Aperture Radar System 
(ASARS) and technical objective cameras 
(TECH) for imaging operations. The ANS 
supplies navigational data to the electro- 
magnetic - reconnaissance (EIP) sensor and 
mission data to the mission recorder system 
(MRS). See Figure 4-47 for an ANS func- 
tional diagram. 


SYSTEM INTERFACES 
The ANS provides signals for aircraft sytems 
as seen in Figure 4-47. The following equip- 
ment is either controlled by or receives in- 
puts from the ANS: 


1. DAFICS (for Autopilot and SAS analytical 
redundancy (ANR)). 


2. Attitude Indicators (Pilot and RSO). 
3, Flight Director Computer. 
4, Horizontal Situation Indicator (Pilot). 


5. Bearing, 
(RSO). 


Distance, Heading Indicator 


6. MRS. 

7. EP. 

8, TECH Cameras (in AUTO). 
9. Optical Bar Camera 

10. V/H System. 

11. Viewsight. 


12. ASARS 


Semen janine 
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13, RSO Annunciator Panel. 

14. Pilot Annunciator Panel. 

15, Sensor time counter driver. 

16, Peripheral Vision Display (PYD). 
MODES OF OPERATION 


The navigation system has four navigation 
modes: (1) astro inertial, (2) inertial only, (3) 
airstart (airspeed-damped astro inertial), and 
(4) dead reckoning. Figure 4-48 summarizes 
the navigational errors expected in each 
mode. The mode to be employed depends on 
the time for activation and alignment, and 
whether the aircraft is on the ground or 
airborne when the ANS is turned on. Astro 
inertial is the preferred mode. 


ASTRO INERTIAL Mode 


In this mode, navigation errors will be rela- 
tively small, depending on the alignment 
method, and do not increase with mission 
duration. As soon as the system begins 
navigating the star tracker automatically be- 
gins to search for stars. Stars are normally 
tracked at night and during the day provided 
good sky conditions exist. A 61 star catalog 
is stored in the ANS computer. Either nor- 
mal or special coverage for the SR-71B 
trainer can be provided. The sun, moon and 
planets, are not used by the star-tracker. At 
least two different stars must be tracked for 
optimum performance. The star tracker 
measures the difference between the inertial 
platform orientation and celestial computed 
position. Data derived from stars is used to 
correct true heading, computed position, 
computed velocity, platform tilt, and gyro 
drift rates, Measured gyro drift rates are 
stored in the computer memory and are used 
to improve any subsequent inertial only navi- 
gation. This sequence eliminates the 
bounded position error growth characteristic 
of pure inertial systems. 





In a normal mission, either a rapid or gyro 
compassing alignment is performed prior to 
navigation. These alignments require 18 min- 
utes and 36 minutes respectively, exclusive 
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NAVIGATION AND SENSOR CONTROL SYSTEM 
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of warmup time. A ground hot start can be 
performed on a system previously aligned and 
shut down or on a system which has been shut 
down after operation in the astro inertial or 
inertial-only mode, provided the aircraft has 
not been moved. A runway heading 
alignment is recommended after a rapid 
alignment or a ground hot start. A heading 
update may or may not be required. 


INERTIAL-ONLY Mode 


INERTIAL-ONLY mode, in which only the 
inertial portion of the astroinertial system is 
employed, is recommended when the star- 
tracking capability of the navigation system 
is impaired. In this mode, navigation errors 
are unbounded. 


AIRSTART Mode 


The airspeed-damped, astro inertial (airstart) 
mode, which uses both the inertial platform 
and star tracker, is intended for: (1) scram- 
ble-initiated flights when the system is not 
prepared for a ground hot start, and (2) 
restart in flight. In this mode, errors can be 
large at first but should damp down with time 
to the values in Figure 4-48. Dead reckoning 
data are used for present position until three 
different stars have been acquired (steady 
illumination of the star ON light), Star 
acquisition is critical for accurate naviga- 
tion. 


Dead Reckon Mode (DR) 


If the ANS inertial platform fails, navigation 
may continue using dead reckoning. In DEAD 
RECKON mode the ANS computer navigates 
using heading from the INS, true airspeed 
from the DAFICS (M computer) and inflight 
winds filled by the RSO. Position error 
increases proportional to errors in these in- 
puts. 


SYSTEM ERRORS 


Error values in Figure 4-48 are based on the 
high altitude flight profiles. Abnormal flight 
profiles (low-altitude, race-track, touch-and- 
go, etc.,) may result in errors in excess of the 
listed values. The error values listed are 
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probable radial errors (CEP's); therefore, 
under normal system operation, the listed 
errors will be exceeded about half the time. 
When star tracking is lost, a residual position 
error may develop that will not be totally 
eliminated when star tracking resumes. It 
might take as many as 3 navigation position 
updates (depending on Schuler cycle period 
and a steady C star light to eliminate the 
total residual error, 


SYSTEM COMPONENTS 


The navigation system has three major as- 
semblies: the control and display panel, the 
portable chronometer, and the guidance 
group. The control and display panel (Figure 
4-49), located on the aft cockpit right 
console, is used to activate the system, 
select modes of operation, insert and monitor 
navigational data, modify the mission flight 
plan, and observe operating status. 


A portable chronometer, in the aft cockpit 
supplies Greenwich Mean Time (GMT) (accur- 
ate to one-hundredth of a second) and the 
Julian date to establish the orientation of the 
Earth in inertial space for astro-inertial op- 
erations, The chronometer is set in the base 
shop, using a time standard set up to receive 
WWV time signals. Day can be set up to 511, 
thus allowing use of the computer star 
catalog into the next calendar year. A fully- 
charged, self-contained battery permits 
timekeeping for up to 24 hours without other 
power, Chronometer outputs are enabled 
only when aircraft power is applied. There is 
a GO, NO-GO indicator on the chronometer. 
GO indicates that either external or battery 
power is available and that the chronometer 
is operable, but does not indicate that the 
correct day and time is set. NO-GO indicates 
that chronometer outputs are unreliable. 


The guidance group contains the electronic 
and optical-mechanical equipment for navi- 
gation and avionics subsystems control. The 
guidance group is mounted in the fuselage aft 
of the rear cockpit to provide an upward 78- 
degree cone of vision for the star-tracking 
telescope. The axis of the cone is vertical 
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Figure 4-48 


when the aircraft pitch angle is 7-1/2 de- 
grees. The guidance group includes an iner- 
tially stabilized platform and associated 
electronic and electromechanical components 
required to control (1) its attitude, (2) a star- 
tracking telescope, and (3) the electronic and 
electromechanical components for pointing, 
servo-controlling, and discrimination of tele- 
scope photo-detections. A digital computer 
computes auto-navigation, guidance and avi- 
onics control, and maintains a continuously 
updated account of navigational status and 
coordinate values. The computer also stores 
instrument and mathematical coefficients, 
predetermined data references that define 
stars, and the mission flight plan. The com- 
puter initiates and evaluates self-tests peri- 
odically throughout the operating interval. 
Software corrections to the star data are 
provided for: (1) the shock wave over the 
window that refracts the star light and (2) 
pressure and temperature gradients (differ- 
entials) acting on the window causing optical 
lens effects. 
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NAVIGATION CONTROL AND 
DISPLAY PANEL (NCD) 


The NCD (Figure 4-49) on the aft cockpit 
right console controls the ANS. 


NOTE 
The positions of the ANS controls and 
the last pushbutton operations are 
recorded once each 0.832 seconds by 
the MRS. Events can be marked by 
using the ANS keyboard. 

MODE Switch 


The rotary MODE switch has seven positions: 


OFF Power is off except illumi- 
nation power and chronometer 
power. 

WARMUP Power to temperature control 


circuitry and the computer. 


— is 
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NAVIGATION CONTROL AND DISPLAY PANEL 
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1 PRESENT POSITION WINDOWS 15 MAGIGRID SWITCH 
2 TEMPERATURE MONITOR LIGHTS ‘16 UPDATE SWITCH 
3 TIME-TO-TURN WINDOW ‘17 ENTERIDISPLAY SWITCH 
4 HOTITACAN SWITCH 18 CITEST SWITCH 
5 MALFUNCTION LIGHT 19 SKIP TO SWITCH 
6 RAPID/ RECALL SWITGH ‘2 LOOK THRU SWITCH 
7 RANGE TO DESTINATION POINT WINDOW 2. DP/TURN SWITCH 
8 NEXT DESTINATION POINT WINDOW 2 «DELETE SWITCH 
9 DIM SWITCH @_ODIRECT STEER SWITCH 
10 SELECTED DATA WINDOWS 24 BACK SPACE SWITCH 
ll MODE WINDOW @ MANUAL CLEAR SWITCH 
12 MODE SWITCH 2% = =©MANUAL KEYBOARD AND POSITION PREFIX 
13 MODE START SWITCH REFERENCE SWITCHES 
MODATA SWITCH 27 SENSOR OPERATION INDICATOR LIGHTS 
28 WIND DIRECTION AND WIND VELOCITY WINDOWS 
rae) 
Figure 449 
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The following five modes are called "operate" 
modes, since power is applied to the entire 
ANS. Operation begins only after the MODE 
START, RAPID, or HOT switch is pressed. 


ALIGN Used on the ground to remain 
in fine alignment or for ground 
alignment correct procedure. 

ASTRO Selects astro-inertial 

INERTIAL _ navigation. 

INERTIAL _ Selects inertial-only 

ONLY navigation. 

DEAD Selects dead-reckon 

RECKON _ navigation. 

AIRSTART Used to perform a cold air- 


start (in-flight alignment) 
which results in airspeed 
damped, astro inertial naviga- 
tion. 


The MODE switch has a detent that prevents 
switching to OFF or WARM UP from an 
"operate" mode without lifting the switch. A 
detent prevents moving the switch clockwise 
past AIRSTART. 


MODE START Switch 


After power on, pressing MODE START initi- 
ates a gyrocompass or cold airstart align- 
ment. After alignment, pressing the self- 
illuminated switch enables the mode selected 
by the MODE and MAG/GRID switches. 


MAG/GRID Switch 


The MAG/Grid switch is an alternate-action 
switch. Either the MAG or GRID half of the 
switch is lighted at all times. The ANS 
computer interrogates this switch each time 
the MODE START switch is pressed. 


Set the switch to MAG. There is no useable 
grid heading available to either cockpit with 
the SKN-2417 INS in normal operation. The 
ANS computer interprets the INS heading 
input as MAG heading and makes appropriate 
computations to provide a true heading value 
for the dead-reckoning reference frame. 
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DATA Switch 


The rotary DATA switch is used to select a 
panel fill, update, display, or mission modifi- 
cation procedure. The position of the switch 
determines the first character (always alpha- 
betical) of the SELECTED DATA (SD) win- 
dow that expects data. The eight DATA 
switch positions are PRES POSITION, TIME, 


HEADING, NORMAL, DEST POINT, FIX 
POINT, CONT PT, and TEST. 
Keyboard Switches 


The ten numerical keyboard switches, labeled 
0 through 9, are used to enter data into the 
ANS or to command display of ANS data. 


MAN CLEAR Switch 


Used to clear the SELECTED DATA windows 
if an error is made during a panel-initiated 
procedure, and to not use an ANS position, 
altitude, or runway-heading alignment up- 
date. It is also used in the ANS malfunction 
routines. 


ARROW (Backspace) Switch 

Used to erase filled data one digit at a time 
in reverse order prior to actuating an action 
switch such as ENTER. 

LOOK THRU Switch 

Used to display data pertaining to the destin- 
ation point (DP) after the DP now 
approaching. 

SKIP TO Switch 


Used to command the ANS to skip to a 
selected DP from the current next DP. 


Used to select rapid ground alignment or to 
recall data for display of the previously 
panel-filled TACAN point. 

DELETE Switch 


Used to delete a particular panel-filled 
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mission point from the 40-List of panel-filled 
points or the entire 40-List. 


DIR STEER Switch 


Used to make an immediate change in destin- 
ation (direct steer) to a selected DP or to any 
panel-entered latitude and longitude. 


HOT/TACAN Switch 


Used to mark the time of reading current 
TACAN data and to freeze the ANS com- 
puted values of range and bearing or to select 
air or ground hot starts. 


ENTER/DISPLAY Switch 
Used to command the ANS computer to 


accept panel-filled data or to display 
selected data. 

UPDATE Switch 

Commands the ANS to correct computed 
position, heading, reinitialize the star 
tracker, or change the current track leg. 
DP/TURN Switch 


This push-button switch selects the source 
for the pilot's HSI range indicator. The 
DP/TURN switch is enabled when the ANS 
DATA switch is in TEST; pressing 
ENTER/DISPLAY will then illuminate the 
"DP" or "TURN" legend in the switch (corres- 
ponding to the mode presently selected); 
pressing the DP/TURN switch will change the 
mode and illuminate the other legend. When 
"DP" is illuminated, the pilot's HSI range 
indicator will read distance to the ANS desti- 
nation point (DP); when "TURN" is illumin- 
ated, the pilot's HSI range indicator will read 
distance to the ANS-computed turn point. 
Refer to Horizontal Situation Indicator, 
Range Indicator, Section L 


C/TEST Switch 


Used to perform a panel light test and to 
display ANS tape data and internal ANS 
conditions when used in conjunction with the 
TEST position of the DATA switch. 
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SELECTED DATA Indicators 





The indicators or windows consist of six sepa- 
rate sets of digital displays. Various oper- 
ating parameters are displayed in the indi- 
cators during the panel fill, mission modifi- 
cation, update, and alignment routines as 
shown in Figure 4-50. 


Present Data Indicators 


The PRESENT LATITUDE and PRESENT 
LONGITUDE windows show the present 
position coordinates in degrees and minutes. 
During ground alignment, the coordinates are 
blank until fine alignment is completed. 


The WIND DIR and WIND VEL window 
displays the wind direction in degrees and the 
wind velocity in knots. The window displays 
zeros until airborne. 


The TIME-TO-TURN window displays the 
time-to-turn in hours, minutes, and seconds, 
The window is blank until the aircraft is 
moving. 


The RANGE TO DP window displays the 
range to the DP in nautical miles, The 
window is blank until present position 
coordinates are entered. 


The NEXT DP window displays the next des- 
tination point number. The window is blank 
until the present position coordinates are 
entered. 


Sensor Indicators 


The TECH L and R, and SLR indicator lights 
illuminate during display of control points or 
fix points to indicate programmed sensor 
activity at the selected point. The SLR light 
is not illuminated during display of viewsight 
fixpoints. During NORMAL display, these 
lights illuminate during actual ANS on-time 
commands and are extinguished by standby 
control point commands. The lights do not 
illuminate during manual sensor operation. 


These lights also illuminate to verify sensor 
selection when adding or replacing control 
points. 
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DATA IN SELECTED DATA WINDOWS FOR PANEL ROUTINES (TAPE 13) 
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Figure 4-50 (Sheet 1 of 3) 
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Star ON Indicator Light 


The light indicates the status of star tracking 
as described in the Computer Program sec- 
tion. Steady illumination of the light indic- 
ates that a minimum of two different stars 
have been tracked within the last 5 minutes. 





MODE Window 


The MODE window displays a legend which 
shows the operating phase of the ANS. The 
MODE window also displays an error message 
in the event of an operator error and may 
indicate recommended action in case of 
system malfunction. The malfunction indica- 
tions are described in the Malfunction Indica- 
tor and the ANS MALFUNCTION PROC- 
EDURES paragraphs. The MODE window 
indications are: 


Indica- Operating 

tion Phase Definition 

C/A COARSE _ Initial phase of ground 
ALIGN or air start alignment. 

F/A FINE Final phase ground 
ALIGN alignment. 

RES RE- Second phase of air- 
START start or ground hot 

start alignment. 
At ASTRO Astro inertial navi- 


INERTIAL gation. 


yo INERTIAL Inertial-only navi- 
ONLY gation. 


D/R DEAD 
RECKON 


Dead-reckon navi- 
gation. 

ENT Coarse align complete. 
Enter present position 
or heading. 

ERR An operator error 

in panel operation has 
been committed. 


ENC Encoding failure. 
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DP* Mission tape program 


sequence in error. 


BLANK WARM UP Mode switch is in WARM 
UP and 28 volts dc is 
present. 


Temperature Limit/Tolerance Indicator 
The temperature limit and tolerance indi- 
cator, labeled TEMP LIMIT/TOLR is a split- 
function indicator which displays monitored 
cooling air flow and system internal tempera- 
tures. The top half of the indicator is red 
with the LIMIT legend visible when lighted. 
The bottom half of the indicator is amber, 
with the TOLR legend (tolerance) visible 
when lighted. (Refer to ANS MALFUNC- 
TION PROCEDURES.) 


Malfunction Indicator 


The ANS malfunction indicator, labeled MAL, 
is a red panel light that can be off, on- 
steady, or on-flashing. Generally, the MAL 
light is off during normal operation, on- 
steady when the ANS is in the WARM UP 
mode, and on-flashing when a system self 
test has failed. (Refer to ANS MALFUNC- 
TION PROCEDURES for detailed descrip- 
tion.) 


COMPUTER PROGRAM 


The basic instructions and constants for com- 
puter operation are contained in the main 
program tape which is loaded into the com- 
puter permanent memory. The computer 
program is loaded in two parts, a basic main 
program tape and a correction tape (if 
needed). In addition, a general instrument 
constant (GIC) tape, star catalog (SYY1, 
SYY2) tape, and mission tape are loaded. 
Each ASTRO INERTIAL (A-D unit has its own 
GIC tape which defines gyro, accelerometer, 
resolver, etc. parameters unique to the re- 
spective A-I unit. Annual revisions are made 
to the star catalog tapes. 
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First star tracked after a hot or cold 
airstart, ground hot start, or after 

changing from A-I to I/O and back to 
the A-I mode. 







Second star tracked after an A star, or 











First star tracked after a ground 
alignment. 


First and subsequent star tracked after 
B star. 

















Computational triad and platform are 
corrected but present position is not 
changed, so there is no perturbation 
in latitude, longitude, or auto nav. 






Computational triad and platform are 
corrected and now in coincidence. 
Latitude, longitude and auto nav 
adjustments occur. 








Computational triad and platform are 
corrected but present position is riot 
changed, so there is no perturbation in 
latitude, longitude, or auto nav. 








Platform and computational triad are 
corrected. Auto-Nav transients are 

allowed on first star C but suppressed 
on subsequent ones until a bank angle 
exceeds 5° or position fix inserted 





Figure 4-51 


Astro Inertial Navigation 


The ANS operates in typical inertial naviga- 
tion fashion. Outputs from two 2-axis gyros 
drive the platform gimbals to isolate three 
orthogonally mounted accelerometers from 
changes in aircraft attitude. The gyros and 
accelerometers are mounted on the plat- 
form's azimuth gimbal (stable element). The 
accelerometer outputs are components of 
aircraft velocity change. If the azimuth 
gimbal is not kept level, the accelerometers 
also measure a component of acceleration 
due to gravity and position errors are pro- 
duced, 


In INERTIAL ONLY, the computer uses the 
accelerometer outputs to calculate aircraft 
velocity and change in position, and gyro 
torquing rates. The gyro torquing rates (sign- 
als proportional to aircraft velocity plus 
earth's rate) are applied to the gyros to 
maintain the azimuth gimbal (and thus the 
accelerometers) level with respect to the 
earth. The success of inertial navigation is 
due to the fact that any system error 
eventually causes the accelerometers to go 
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off level and measure a component of gravity 
which introduces an error that tends to 
cancel the original error. For example, if an 
accelerometer develops a null shift that 
appears to be an aircraft acceleration to the 
north, the platform will be torqued to keep 
up with the apparent aircraft motion over the 
earth's surface. Thus if the platform were 
level, it becomes tipped off level resulting in 
accelerometer measurement of gravity which 
looks like aircraft acceleration to the south. 
This characteristic of inertial systems is 
called Schuler tuning. 


The star tracking function improves know]- 
edge of accelerometer orientation in azimuth 
and eliminates the effects of gyro drift. Star 
search is initiated when astro-inertial mode 
is selected after completion of alignment. 
Selection of the star is made by the computer 
as a function of latitude, longitude, day of 
year, time of day, aircraft pitch and roll, and 
location of the sun. Aircraft pitch and roll 
determine the orientation of the star tracker 
window. For a given latitude, longitude, 
time of day and year, a particular star should 
be at a particular azimuth and elevation. If 


the star tracker measurements show that the 
star is not at the expected azimuth and 
elevation, there is an error in computed lati- 
tude and longitude and/or an error in plat- 
form orientation. Since the telescope is 
mounted on the platform, the star tracker 
measures the angular difference between the 
physical triad formed by the platform axes 
and the computational triad formed by the 
vertical through the computed position and 
the calculated orientation of the platform in 
azimuth. Thus the system cannot directly 
distinguish between a computed position 
error and a platform orientation error but, 
based on statistical probabilities determined 
by prestored error models and flight dynam- 
ics preceding the measurement, (as modeled 
by a Kalman filter, described later) it will 
attempt to optimally adjust the various navi- 
gational parameters. 


To aid in describing star tracker logic, stars 
are given arbitrary labels depending on if 
they are the first, second, or third star 
tracked after the beginning of an operation. 
These are listed in Figure 4-51 with 
definitions and a summary of the usage of 
star tracker measured errors. In all cases, 
the end result of tracking two different stars 
is to align the computational triad with the 
platform triad or vice versa. A single star 
cannot be used to correct all errors since 
errors about the axis from the platform 
through that star are not measured. After 
the initial two stars are acquired, the normal 
interval between loss of track from one star 
to tracking the next star is about 30 seconds 
at altitude. Since the platform is almost 
continually brought into alignment with the 
computational triad, gyro errors have an 
almost negligible effect. The predominant 
ANS errors are those due to gyro drift that 
develop before stars are acquired and when 
star tracking is interrupted such as during 
aerial refueling. The star tracking data is 
used to update computed values of gyro drift 
to minimize error growth during any 
subsequent lapses in star tracking. 


Star selection, tracker scan rate, and search 
patterns depend on many factors and are all 
under computer control. The computer 
selects a star by going through the star 
catalog which is arranged in order of 
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decreasing star brightness until it finds a star 
that is within the window aperture, not with- 
in 10° of zenith (not within 5° of zenith for 
trainer aircraft), and not within 12-1/2 
the sun. The tracker telescope is coated 
to search for the selected star using a vari- 
able sized pattern which is symmetrical 
about the computed star position. 


‘The star search pattern is an expanding rect- 
angular spiral which starts at the side of the 
pattern and then passes across the computed 
star postion. See Figure 4-52, Maximum A 
star pattern size is a function of search rate 
so that all A star searches are completed 
within 23 minutes, 


If the star is detected during this search, 
confirmation and reconfirmation patterns are 
made. If these are successful, the star is 
considered tracked, and elevation and az- 
imuth errors are determined by the star actu- 
al position relative to its computed position. 
Search and track operations are discontinued 
if the star moves out of the window, the sky 
is too bright, or a position update is per- 
formed. The computer then goes to the next 
brightest star available, except that when a 
position update is performed, star search 
begins at the top of the star list (brightest 
star). 


‘There are four scan rates which can be used 
in star search. Scan rate depends on star 
magnitude and sky brightness. The fastest is 
used on a bright star in a dim background 
while the slowest is used on a dim star in a 
bright background. 


The search patterns are chosen as a function 
of the type of alignment and whether an A, 
B, or © star is being searched. See Figure 
4-52. This table also lists the star ON light 
activity during star tracking operations. 


Star Tracking Techniques 


The star ON light provides the RSO with a 
guide for actions (listed in Figure 4-53) to 
optimize star tracking. Star tracking is auto- 
matic but the operator can assist the system 
in overcoming conditions such as overcasts, 
changes of sky background brightness, long 
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search unsuccessfully 
completed for = A after 
ground hot start or 


‘changing mode from 
INERTIAL ONLY to 
ASTRO INERTIAL 








Selected after ground 
alignment 












TYPES OF ALIGNMENT | STAR 









Hot or cold airstart or when 


INERTIAL ONLY navigation, 





Ground hot start or when |, a low 


When INERTIAL ONLY was 


"MAXIMUM TIME 





a 
Tow | SOMPLETE LIGHT WiLL: 























A 17.3 min. Flash at | second intervals. 
A 181 min, | Flash at 1 second intervals. 
A 395.5] 19° 20.8 min, | Flash at 1 Second intervals. 
A 2.5 2.7 min, Flash at 1 second intervals, 
8 a 10.0 min, Gott 

8 a 06 min, ‘Stay off (see note 2) 

c 0.6 min. | Go on steady (see note 3) 









Go off 


8 all w Stay off (see note 2) 











Stay off 
Stay oft (see note 2) 











‘COMPUTED STAR POSITION 


START POINT 


NOTE 

1 All search patterns are expanding rectangular spirals 
with the first beginning at one side and passing 
horizontally across the computed star position. 


2 Star B* (re-tracking of star B) is performed onty if the azimuth 
error measured with star B is greater than 5.27 arc-minutes. 


3 After tracking star C, the star light remains on until mode 
is changed to INERTIAL ONLY or five minutes have elapsed 
without tracking two different stars. 


F200-2536) 








REQUIRED TO AFTER TRACKING * 














Flash at 1 second intervals, 













Go on steady (see note 3) 


Go on steady (see note 3) 
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CREW ACTIONS TO OPTIMIZE 
STAR TRACKING 


periods of ground time after system initial- 
ization to A-I mode, refueling, and periods 
when tracking is not being accomplished. 
The operator should attempt to commence 
tracking stars as soon as possible to prevent 
or eliminate position error growth. 


Improving Star Tracker Scan Rates 


The ANS uses different scan rates for the 
star tracker depending upon the lightness of 
the sky background around the computed star 
position. This sampling of background con- 
ditions is accomplished automatically prior to 
beginning each star search. The time it takes 
the ANS to acquire a star depends on the 
magnitude of ANS errors. In extreme cases 
approximately twenty minutes could be re- 
quired to acquire an A star. 


An active (optimum signal-to-noise) filter to 
the ANS increases the probability of star 
detection, improves the accuracy of angle 
measurement, reduces the time devoted to 
detection and tracking of each star, and 
increases position and heading accuracy. 


By using position fixes or remote updates, the 
RSO can reinitialize star search at the top of 
the star list (brightest star). This provides a 
new sky background lightness measurement 
and a change in scan rate if sky background 
lightness has changed. The RSO should use 
this procedure when there is a noticeable 
improvement in background conditions and 
the star ON light is not illuminated. 


The RSO should periodically note the star 
tracking performance as indicated by the star 
light and star data in the Time display. If 
star tracking performance is less than ex- 
pected (intermittent or no star light) for the 
existing sky conditions, the RSO should dis- 
play day of year and note star number and 
scan rate. He should perform a zero remote 
update or command A, B, C Star Search to 
select the brightest star available (indicated 
by a number equal to or less than that 
previously indicated in SELECTED DATA 
window 2). This action will match the scan 
rate to the current sky background condition. 
A slower scan rate than that previously 
observed indicates less than optimum sky 
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CONDITION 


Search underway for | Maintain straight 
A or B star. and level flight. 
Star ON light out. Make maximum 
number of position 
checks. 


Star ON light out 
after entering a 
good sky situation. 


Restart star search 
by using zero re- 
mote update 
procedure. 


Command star A 
tracking by 
changing mode to 
INERTIAL ONLY, 


Star ON light out 
more than 15 minutes 
after zero remote 
update procedure 


has been performed | then change 
and good sky back to ASTRO 
conditions prevail INERTIAL to 
throughout. increase 


search pattern size. 








Select INERTIAL 
ONLY to terminate 
fine alignment. Se- 
lect ASTRO INER- 
TIAL after clearing 
hangar or cloud 
cover. 









Preflight in hangar. 





Figure 4-53 


background conditions. If a star is not 
acquired, a repeat of these routines when the 
sky background improves could increase the 
scan rate thus improving the probability of 
star acquisition. The scan rates are selected 
by the computer based on sky background 
measurements in the vicinity of the star. 
There are four scan rates available and the 
one in current use is indicated in SELECTED 
DATA window 3 as a code R1 (1250), R2 
(703), R3 (395) or R4 (222) (arc sec/sec) when 
using the Time display routine. A dark sky 
background increases the likelihood of 
tracking stars and induces a fast scan rate. 
Conversely, a bright sky background 
decreases the likelihood of tracking stars and 
induces a slow scan rate. 
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An example of when this procedure could 
assist star acquisition is: the system is put in 
A-I mode after completing ground alignment 
with haze or thin cirrus clouds; after takeoff 
and leveloff at 25,000 feet, the star ON 
indicator is not illuminated but the aircraft is 
now above all haze and cirrus, A zero 
remote update routine should cause the sys- 
tem to select a faster scan rate as a result of 
the darker sky background. In most cases, 
this will speed up star acquisition. 


Commanding A and B Mode Stars 


If a preflight alignment is performed while 
under cover, such as in a hangar, select the 
INERTIAL ONLY mode at the completion of 
fine alignment and remain in INERTIAL 
ONLY until clear of the covered area. This 
prevents false star acquisitions due to ceiling 
lights, etc. In this case the first star tracked 
after selecting ASTRO INERTIAL will be a B 
mode star. 


The nominal error growth of the ANS in 
INERTIAL ONLY is based on pure inertial 
operation; that is, MODE in INERTIAL 
ONLY, disabling the tracker from star 
searching. The tracker slewing on top of the 
platform in search operation can induce fur- 
ther position error growth. Because of this, 
the operator should avoid leaving the ANS in 
the ASTRO INERTIAL mode when star 
tracking is not expected for 25 minutes or 
longer. Put the system in INERTIAL ONLY 
mode when star tracking is lost or is not 
expected for at least 25 minutes (e.g. during 
overcast conditions or operation behind a 
tanker.) Once INERTIAL ONLY has been 
selected, operation in this mode should be 
continued until suitable tracking conditions 
are encountered. 


Above 60,000 feet, with nominal star avail- 
ability and sun angle, the crew can expect 
A/B mode star acquisition in a few minutes 
after returning to the ASTRO INERTIAL 
mode. 


NOTE 


e Return the ANS to INERTIAL 
ONLY mode prior to entering a 
critical sensor "take" area if the 
star ON indicator has not indi- 
cated A/B star acquisition. This 
will inhibit A/B star updates 
which would cause auto nav roll 
transients. 


e Although a star light generally 
indicates a bounded error of less 
than 1 nm, greater errors are 
possible. Computer and/or chro- 
nometer malflunctions have 
resulted in the star light being 
on when position error exceeded 
10 miles. 


Kalman Filter 


The system employs a Kalman filter to opti- 
mally incorporate measurements from the 
star tracker, DAFICS M computer, and fix- 
points to correct inertial system errors. The 
filter continually estimates the error state of 
16 parameters: 


1. Platform azimuth 

2. Platform tilt axis 2 

3. Platform tilt axis 3 

4. Position error axis 2 

5. Position error axis 3 

6. Velocity error axis 2 

7. Velocity error axis 3 

8. Azimuth gyro drift rate 
9. 2 axis gyro drift rate 

10. 3 axis gyro drift rate 

ll. 2 axis accelerometer bias 
12. 3 axis accelerometer bias 
13. Telescope elevation bias 
14, True airspeed scale factor 
15. Axis 2 Wind 

16, Axis 3 Wind 


Each of these parameters has a calculated 
error probability which is initialized as a 
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function of the type of alignment accom- 
plished. During a ground alignment system 
position is monitored to detect deviations 
from the entered coordinates. These devi- 
ations are fed as measurements to the filter 
which utilizes them to refine the first ten 
listed parameters. When star measurements 
are obtained, the first thirteen parameters 
are refined, and when airborne, all sixteen 
elements are estimated and continually re- 
fined. Because of wind variability and the 
accuracy (+30 knots) of True Air Speed, the 
airspeed measurement has essentially zero 
influence on the first thirteen parameters 
except in the case of a cold and hot airstart. 
When fixpoint measurements are inserted by 
the operator, the filter adjusts the 16 para- 
meters according to the ratio of their current 
estimated error state to the programmed 
accuracy of the fixpoint device (.05 nm for 
ASARS, .5 nm, for Viewsight, and 1.0 nm for 
TACAN). The system incorporates 100 per- 
cent of a fixpoint if the correction is more 
than 5.0 nm. 


Dead Reckoning 


Dead reckoning is performed simultaneously 
and separately from inertial navigation. 
During normal operation in ASTRO INER- 
TIAL or INERTIAL ONLY, the dead reckon- 
ing latitude and longitude do not appear to 
the RSO unless the display Present Position 
routine is performed. However, prior to 
continuous star tracking in a cold or hot air 
start, or when DEAD RECKON is selected, 
dead reckon data is used as the source of 
present position and heading for all displays, 
great circle navigation and guidance, and 
sensor control. DEAD RECKON is the only 
mode in which present position can be enter- 
ed after navigation is started; this may be 
done as often as desired. When DEAD 
RECKON is selected, the ANS generates all 
its normal outputs and continues astroinertial 
or inertial only navigation so that the DEAD 
RECKON mode can be selected for training 
while permitting return to ASTRO INERTIAL 
or INERTIAL ONLY modes. In normal oper- 
ation, when dead reckon data is not used for 
ANS outputs, the dead reckoned latitude, 
longitude, and difference between INS head- 
ing and ANS true heading (magnetic 
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variation), if applicable, are updated every 
four minutes using inertial data. 


Dead reckoning is the process of computing 
change in position using heading, speed, and 
elapsed time. True airspeed from DAFICS (M 
computer) is used with RSO entered values of 
wind speed and direction to approximate 
ground speed. Heading is provided from the 
INS and is magnetic heading except that ANS 
inertial heading is used following coarse 
alignment in a hot or cold air start. 


When INS mag heading is being used, the RSO 
must periodically fill local magnetic 
variation so that computed true heading will 
have minimum error. When dead reckon data 
is not being used, magnetic variation need 
not be filled since the ANS itself computes a 
new magnetic variation every four minutes. 


MISSION TAPE PROGRAM 


The mission profile is defined in terms of 
destination points (DP), control points (CP), 
and fix points (FP), and the sensor operations 
associated with these points. Destination 
points delineate the prescribed mission track; 
they are intersections of the intended great- 
circle legs. Control points and fix points 
permit automatic activation of imaging 
sensors, and fix points define preferred 
navigational references. The mission plan is 
loaded into the computer memory on a 
mission tape prior to preflight operations. 
The mission tape can be programmed to hold 
up to 256 DP, 256 FP, and 1023 CP (1535 
total), | Additional temporary memory is 
provided for 40 point modification 
operations, known as the “40-List". The 
modifications may be performed using the 
Control and Display panel anytime power is 
supplied to the panel. Up to 40 add and/or 
replace operations and unlimited skip-to 
operations, are provided. In addition, there 
are special Anytime and Opportunity fix 
point procedures which do not use the 40- 
List. The mission tape may include a primary 
flight plan with one or more alternate routes 
that the crew may elect to follow by 
exercising the skip-to, direct steer, or track 
leg update options. The add and replace 
options of the 40-List permit additional 
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alternate paths to be formulated, and allow 
last-minute changes to sensor activity on 
programmed legs. 


The data loaded into specified cells of the 
computer memory are identified by function 
and order of use in the mission plan (D00003, 
00007, F00021, etc.). Each point is further 
defined by its coordinates, its sensor-usage, 
applicable pointing parameters, and refer- 
ence to the next consecutive point or points. 
The destination points reference the next 
point of all three classes. 


Great-Cir. 





Stee: 


The mission path is a sequence of great- 
circle legs computed on the basis of DP 
coordinates. The ANS supplies a steering 
(bank angle) command to the autopilot in all 
ANS navigation modes but it is usable only 
when all requirements for a "nav-ready" con- 
dition are present. In the autopilot AUTO- 
NAV mode, bank angle is commanded by the 
ANS to automatically guide the aircraft onto 
and along the preprogrammed flight path. 
The bank angle steering command is com- 
puted from aircraft cross-track position and 
velocity relative to the desired course. If the 
planner has scheduled a bank angle of 35° or 
less, the ANS will not command a bank 
greater than 35°, even if a higher bank is 
required to keep the aircraft on course. If 
the turn is planned above 35° (up to 42°) the 
ANS will command up to 45° to keep the 
aircraft on course. 


If the AUTO NAV mode is engaged when the 
aircraft is considerably off track, the ANS 
will steer towards the desired track at a 30° 
intercept angle. | Depending on current 
groundspeed, the ANS will compute where to 
initiate a turn to discontinue the intercept 
course and smoothly fair onto track. During 
supersonic cruise this point is approximately 
20 nm off course. 


Once on course, the aircraft should usually be 
within 300 feet of the commanded course, 
except in turns. Actual position of the track 
is dependent on ANS navigation accuracy. 
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ANS Steering Turn Modes 


The mission planner can choose one of two 
different turn modes at each DP. These 
modes determine where the turn start to the 
next great circle leg will occur and the 
amount of bank angle commanded during the 
turn. 


Auto-Range-To-Turn 


The system computes the turn radius based 
on a 32° bank angle and the groundspeed at 
the start turn point. Once the turn is initi- 
ated, it is identical to the turn described in 
the Fixed-Range-To-Turn paragraphs. 


Auto-Range-To-Turn should be used for sub- 
sonic turns to prevent high bank angles at 
heavy weights. Current groundspeed and the 
heading change from present course to next 
are used to compute and initiate an auto- 
matic turn (termed by the mission planners as 
Turn Start Automatic, or TSA). The TSA 
point varies since it depends on groundspeed. 
If actual groundspeed is different from plan- 
ned groundspeed, the TSA will not occur 
where planned and the aircraft will not fol- 
low the turn line depicted on the strip map. 
However, if there are no other disturbances, 
the aircraft should make the turn at a 32 

bank angle. 


Fixed-Range-To-Turn 


Fixed-Range-To-Turn is used by the mission 
planners for turns that indicate critical sen- 
sor legs and turns where strict adherence to 
the planned turn line is required. In this 
mode, the mission planner specifies a const- 
ant turn radius at a particular DP. The TSA 
point is a fixed distance plus a variable 
distance from the DP. The fixed distance is 
determined by the programmed turn radius 
and the change in course; it would be equal to 
turn radius on a 90° turn. The variable 
distance ranges from 0 to 4.5 nm, depending 
on groundspeed, and compensates for the 
distance required to roll into the turn. 
During the turn, commanded bank angle is 
the sum of two components. One component 
is the nominal bank required to achieve the 
Programmed turn radius at the current 
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‘TAPE-FILLED PRIMARY MISSION LEG 
TAPE-FILLED ALTERNATE MISSION LEG 
‘TAPE-FILLED DESTINATION POINT 
PANEL-FILLED DESTINATION POINT. 
PANEL-FILLED SKIP-DP LEG 
PANEL-FILLED ADD-DP LEG 
PANEL-FILLED REPLACE-DP LEG 


rro-2se 
PANEL OR TAPE-FILLED DIRECT STEER LEG 


Figure 4-54 


ground speed. The second component trims 
bank angle trim as a function of the radial 
speed and position relative to the 
programmed radius so that the aircraft 
follows the planned turn line throughout the 
turn. If a transient causes the aircraft to 
deviate from the turn line, bank angle trim 
varies within +10° to return to the turn line. 





ee 


Range to destination as displayed on the HSI 
and the NCD includes distance around a turn 
rather than the length of the great circle 
from present position to destination. This 
distance around the turn is also used in 
computing time to turn for the NORMAL 
display. 
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Turn steering automatically terminates when 
aircraft track is within 2° of the command 
course, the new track is crossed, or the 
theoretical tangency point is passed. 


The sum of the nominal commanded bank 
angle and the bank angle trim is limited to 
the ANS maximum bank angle command of 45 
degrees. Refer to Figures 4-14 and 4-15 for 
bank angle vs speed and turn radius infor- 
mation. 


NOTE 


During preflight planning, do not 
schedule any turns above Mach 2.9 
which have a radius smaller than can 
be maintained using a 42° bank angle. 


Turns should be planned to require at least 
three degrees less than the planned bank 
angles limits. This provides a margin to 
accommodate aircraft trim requirements 
and/or greater ground speed than expected. 
However, when below Mach 2.9, bank angles 
of up to 44 degrees may be scheduled if 
justified by operational requirements. Crews 
should monitor ANS groundspeed prior to and 
during turns and prevent ground speed from 
exceeding the maximum value at which the 
planned track can be accomplished within 
bank angle limits. 


When scheduling turns with greater than 35° 
bank angle, allow for expected altitude loss if 
maximum power will not maintain level 
flight. Refer to Parts V & VI of the Perfor- 
mance Data appendix and to the ceiling alti- 
tude data, Figure 6-8, in Section VL When 
scheduling turns requiring 42° bank angle at 
speeds above Mach 3.0, consider the altitude 
at the turn (which is a function of weight) 
and the programmed Mach. For a given 
weight and bank angle it may be necessary to 
decrease altitude, which at a given Mach may 
increase the KEAS to the KEAS limit. Turns 
at maximum scheduled bank angles must not 
be programmed for such heavy weights that 
the maximum KEAS limit for normal oper- 
ation would be exceeded. A descent of 
approximately 2500 to 3000 feet below the 
maximum range altitude may have to be 
made before entering a 42° bank turn. 
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In normal operation, the aircraft will follow 
the turn line and roll out onto the next leg 
within 0.2 nm. ASARS will be unaffected by 
maneuvering. For the TECH camera(s), roll 
and pitch rate should be less than 0.3° per 
second for good photography. During most of 
the settle out distance, roll rates will be 
slight and suitable for good photography. 


During a SKIP TO operation, the same fixed 
turn radius is used, but a different TSA and 
turn line will result if the next leg is differ- 
ent from the planned leg. 


Manual Steering 


The ANS provides navigation information so 
the pilot can manually steer the aircraft. 
The bank steering bar on the ADI indicates 
the error between aircraft roll angle and ANS 
bank angle command and centers when the 
two are equal. Centering the bar steers the 
aircraft on the same path as AUTONAV 
steering. 


The pitch steering bar of the ADI indicates 
altitude rate (0 to +3484 fpm) and is used to 
maintain altitude. 


The HSI displays true heading, command 
course, range to next DP, and cross track 
deviation (0 to + 1 nm). These displays are 
relative to the turn line during turns or the 
great circle leg following turns; the range 
value represents the distance around the turn 
plus distance along the next leg. 


Control Points (CPs) 


The technical objective cameras (TECHs) are 
turned on or off and pointed as the aircraft's 
along-track range to the next destination 
point coincides with the CP's along-track 
range to the next destination point. CPs 
bracket the target, with the turn-on control 
point at the same cross-track range as the 
target. The ANS computes the camera 
pointing angle required to cover the CP, and 
thus the target. (Actual target coordinates 
are not stored in the computer.) Camera CPs 
can be programmed along the turn line in 
Fixed-Range-To-Turn turns. Here the CP is 





Bie 





located at the same radial distance from the 
turn line as the target. 


The ASARS utilizes control point information 
to generate required parameters which are 
sent via a 64 word serial data bus. It 
contains such items as: aircraft velocities, 
target vectors, gravity anomaly values and 
radar operating modes. This information 
allows the ASARS computer to generate the 
desired imaging commands. 


The mode commands to the TECH(s) are 
updated at each CP so that more than one 
sensor can be turned on or off at a single 
point. Dedicated CP's are required for 
ASARS operation. All CP's and FP's on a leg 


ASARS Control Point MODE 
Digit 1: Always M 


Normal 
Dual Spot (Not available) 
Measure Altitude 


Neither Set 

Rewind 

Down Link (Not available) 
Both Set (Not available) 


Frequency F1, Low Resolution 
Frequency F1, High Resolution 
Frequency F2, Low Resolution 
Frequency F2, High Resolution 
Frequency F3, Low Resolution 
Frequency F3, High Resolution 
Frequency F4, Low Resolution 
Frequency F4, High Resolution 


0 
1 
2 
3 
4 
5 
6 
7 


Standby 

Acquisition/Measure Altitude 
Search 

Spot 


ISENSOR "L" On = Leave recorder on after 


this swath 


SENSOR "L" Off = Turn recorder off after 


this swath 


Figure 4-55 
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are processed on that leg, even if a mission 
planning error or a panel-filled change puts a 
CP or FP past the start turn point at the end 
of aleg. 


Control point information is displayed on the 
NCD panel. With the DATA SELECT switch 
in NORMAL the NCD can display either 
ASARS or non-ASARS fixpoint and control 
point ID's in SELECTED DATA window num- 
bers 3 and 6. ASARS or non-ASARS infor- 
mation is alternately selectable via the 
ENTER/DISPLAY switch. ASARS control 
points in NORMAL are designated by AXXXX 
vice CXXXX for non-ASARS control points. 


ASARS control point mode information can 
be displayed on the NCD panel. This infor- 
mation is displayed in SELECTED DATA win- 
dow number 3 with the DATA SELECT switch 
in CONT PT. ASARS control point mode 
information is shown in Figure 4-55. 


Fix Points (FPs) 


FPs are accurately known and readily ident- 
ifiable points along the mission path that are 
used in measuring ANS position error with 
the ASARS and Inflight Processor Nisplay 
(IPD), viewsight or TACAN. FPs are used to 
determine ANS error at the time of the fix. 
The ANS can be corrected by depressing the 
UPDATE button, or the routine can be term- 
inated without updating the ANS by depres- 
sing the MAN CLEAR pushbutton. FPs using 
ASARS can be used to improve ASARS point- 
ing information without updating the ANS by 
pressing READ ERROR on the Radar Control 
panel but not pressing UPDATE. 


The ASARS is automatically turned on prior 
to a planned fixpoint. Fixpoints define the 
end of an acquisition swath and may also be 
planned during a search swath. When a 
fixpoint is approaching, the IPD FIX legend 
appears and flashes. At the planned fixpoint 
the FIX legend will go steady, the moving 
imagery display freezes and crosshairs 
appear. At this time the IPD RUN/HOLD 
button indicates HOLD. The RSO uses the 
joystick to position the crosshairs over the 
fixpoint. Depressing the IPD READ ERROR 
button sends north-south and east-west errors 
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to the ANS and pointing information is 
corrected and used for all subsequent ASARS 
operations. The ASARS IPD will then resume 
preplanned operations and the RSO has the 
option of updating the ANS or clearing the 
errors. Clearing the ANS errors does not 
remove the ASARS pointing information 
correction. 


ASARS fixes are accurate to about .050 nm 
CEP. 


For viewsight FPs, the RSO normally uses 
wide angle view to search for the FP as it 
approaches. After identifying the FP, select 
narrow view, if possible, for maximum 
accuracy. As the. FP passes down the 
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viewsight screen, move the cursor to 
intercept the FP as it passes under the nadir 
line. At that instant, press the viewsight 
READ switch. This provides the ANS with 
the location of the FP relative to the aircraft 
and allows measurement of ANS computed 
position error. Again, the errors appear in 
north-south, east-west values on the NCD 
after the READ switch is pressed. Viewsight 
fixes are accurate to about 0.5 nm CEP. 


At TACAN FPs, ANS computed values of 
slant range and bearing to a TACAN station 
are displayed on the NCD for comparison 
with TACAN data observed on the BDHI. 
When a TACAN fix is desired, depress the 
TACAN switch, then enter the TACAN 
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values of magnetic bearing (xxx°) and slant 
range (xxx nm) at the time the TACAN 
button was actuated. The ANS will then 
display the north-south and east-west errors. 
TACAN fixes are accurate to 2 to 3 nm at 
slant ranges from 20 to 200 nm. Accuracy is 
degraded at less than 20 nm and greater than 
200 nm. The range data can generally be 
accepted, but TACAN bearing information 
may be somewhat inaccurate. When the INS 
is in the ATT mode, the TACAN mag bearing 
is correct, but the relative bearing may be in 
error, 


If desired, the ANS computed position can be 
corrected by pressing the UPDATE switch; 
otherwise, press the MAN CLEAR switch to 
clear the measurement data. If FPs are used 
for updating, the ANS adjusts position, plat- 
form level, velocity, and heading based on 
the Kalman filter weighing matrices. The 
amounts applied to each of these parameters 
are optimized for the existing mode. Gen- 
erally, corrections will not be necessary in 
the ASTRO INERTIAL mode although the 
measurement should be made to check the 
system. 


Non-ASARS sensor operation may also be 
planned and commanded at FPs. The point of 
execution will be at the along track position 
determined by the FP abeam point plus the 
range-to-turn-on value in the FP data of the 
mission tape. The TECH(s) may be turned on 
or off at any tape-filled FP. The camera(s) 
will be pointed and have the modes 
programmed at previous CPs. ASARS does 
not utilize a non-ASARS CP or FP. 


MISSION MODIFICATION 


‘The tape-filled mission program can be mod- 
ified through the NCD panel. Up to 40 sets 
of data (40-List) may be entered to replace 
or add to previously stored mission points. In 
addition, the operator can skip any number of 
tape-filled or panel-filled destination points, 
or change destination. There are also special 
panel-filled fixpoints called Anytime or 
Opportunity fixpoints that are exclusive of 
the 40-List. 
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Add or Replace CP-FP-DP Routine 


The mission tape is stored in the tape-filled 
memory of the computer. Panel-filled data 
for mission modification is stored in the 
panel-filled memory of the computer. Only 
Add or Replace modifications use the 40 
panel-filled memory cells. Data required for 
each type of point, both panel-filled 40 List 
and tape-filled points, is listed in Figure 4-11 
(non-ASARS). If necessary, the RSO can 
clear any or all of the mission modification 
data entered into the panel-filled memory 
and enter new data in the same 40 memory 
spaces. Detailed knowledge of the tape- 
filled mission is required to modify that 
mission, especially when control points or 
fixpoints are added or replaced. 


Point-ID Code (Non-ASARS) 





Every tape-filled or 40-List mission point has 
an identification code. The code consists of 
a letter and five digits, referred to in the 
following text as digits 1, 2, 3, 4, and 5, 
counting from the left. This is the order in 
which the point-ID code is entered in the 
NCD panel. A letter C/Cl, F/Fl or D 
designates the point as a control point, fix- 
point, or destination point, respectively, and 
appears in the left-most display of the 
SELECTED DATA window 6 when a mission 
point is selected for display. When modifying 
a mission, this part of the ID code is entered 
by selecting FIXPOINT, CONT PT, or DEST 
POINT on the DATA switch. 


Digits 3 thru 5 of the ID code denote the 
number assigned to each tape-filled CP, FP, 
and DP. Tape-filled points are numbered 
starting with 001 for the first CP, FP, and 
DP. In general, the points on the primary 
mission are numbered in sequence followed 
by the points on alternate legs. However, the 
sequence is not really important since the 
next point number of each type is listed with 
each tape-filled mission point; i.e., the data 
for DP 002 can define DPO13 as the next DP, 
or vice versa. The same applies to CP's and 
FP's. 


As shown on Figure 4-54, DP's which are the 
start points for alternate legs are doubly 
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defined. This means that the same geogra- 
phic point is contained in two different 
locations with different number and different 
next-point numbers (example: D00003 and 
00011), The alternate leg is selected by 
skipping to D00011 when on leg 1. Note that 
the alternate path rejoins the primary 
mission at D00007; thus, both D00006 and 
100012 list D00007 as the next DP. 40-List 
(ADD or REPLACE) points are defined rela- 
tive to tape-filled points; digits 3 thru 5 
define the tape-filled point to be replaced, or 
the tape-filled or panel-replaced point fol- 
lowing the point(s) to be added. 


Digit 2 is the "add" number for panel-filled 
ADD points. Digit 2 can range from 1 to 7 
for the first through seventh points to be 
added ahead of the tape-filled or panel- 
replaced point of the same type defined by 
digits 3 thru 5, where add point X10YZ is the 
first add point encountered in the mission, 
ahead of point 000YZ with add point X20YZ 
the second, etc. Digit 2 is zero for tape- 
filled points or replaced points. Digit 2 is the 
left-most digit in the SELECTED DATA win- 
dow 6 when a mission modification is per- 
formed or a mission point is displayed. 


Digit 1 is a zero for all tape-filled points, 
replaced control or fix points, and 40-list 
destination points. When adding fix or con- 
trol points, however, digit 1 is used by the 
computer to determine the track leg location 
of the new added point. If the add point is 
after the last tape-filled point of its type on 
its track leg, this digit is 1; if the add point is 
before the last tape-filled point of its type on 
its track leg, then the digit is a zero. Digit 1 
appears as Cl or Fl in the letter position of 
the SELECTED DATA window 6 during a 
mission modification or mission point display 
operation (when ID code is entered). It also 
appears when a point is displayed. 


Point ID Code (ASARS) 


Like non-ASARS points every 40-List mission 
point has an identification code. The code 
consists of a letter and five digits, referred 
to in the following text as digits 1, 2, 3, 4 and 
5, counting from the left. This is the order in 
which the point-ID code is entered in the 


4-184 Change 1 


NCD panel. A letter C or F designates the 
ASARS point as a control point or fixpoint. 


Digits 2 through 5 are the same as the 
corresponding digits of the non-ASARS Point- 
ID code. Digit 1 is always zero for all 
replaced ASARS Fixpoints and added or re- 
placed ASARS control points, No ASARS 
control or fixpoints can be added after the 
last tape-filled point of its type on a track 
leg. 


Sensor Selection Code (Non-ASARS) 


The three-digit sensor selection code design- 
ates which sensor shal] be turned on and/or 
remain on, at a panel-filled control point. 


The first and second digits control L and R 
TECH camera operation. The third digit is 
always zero. When control points are added 
or replaced, take care not to disrupt prior 
turn-on commands to the TECH cameras. If, 
for example, the L TECH was automatically 
turned on 50 nm prior to an add R TECH 
control point, and the mission planner in- 
tended it to remain on for a total 100 nm 
swath, the add-control point sensor assign- 
ment code would be 110. This would tell the 
computer to leave the L TECH on at the new 
control point and that the R TECH will be 
turned on. This is necessary because each CP 
will turn sensors off without an "on" marker 
in the sensor code. 

Left-1 it Camera Pointing Code 

The left-right marker designates which TECH 
camera to operate. When adding or replacing 


SENSOR SELECTION CODE 


SENSOR 


L TECH 
R TECH 


Verify code insertion on panel 
by illumination of appropriate 
sensor indicator. 





Figure 4-57 
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TECH camera control points, insert L000 or 
R000 for control points to the left or right of 
course respectively. Verify code insertion in 
the SELECTED DATA window 5 (R or L plus 
three numeric digits). 


ASARS Control Point Code 


A five digit code designates which feature of 
the ASARS will be activated at a panel-filled 
control point. 


Digit 1 is used to select the dual spot mode. 
Digit 2 selects rewind and/or downlink 
options. Digit 3 specifies resolution and 
frequency characteristics. Digit 4 defines 
the mode and Digit 5 controls the recorder 
status. Digits 1 thru 4 are displayed in 
SELECTED DATA window 5 as they are 
entered. Selection of 1 for Digit number 5 
will be indicated by illumination of the TECH 
1 light. These codes are shown in Figure 4- 
58, 


ASARS Fix Point Code 


ASARS Fixpoints cannot be added. Fixpoints 
can be replaced by entering the new latitude, 
longitude, and terrain elevation. 


40-List Add/Replace FP-CP-DP Limitations 


Add/replace can be performed in any ANS 
mode except OFF or WARM UP. Add/re- 
place alters the tape-filled mission. If the 
added point is located before the "next point" 
of each type on the current leg, or the 
replaced point is the current "next point" of 
each type, then the RSO must fill the new 
points into the 40-List and then perform a 
Track Leg Update. This will cause the ANS 
computer to recognize and use these new 40- 
List points. For example, if the first tape- 
filled leg is changed by replacing or adding 
DPs, a Track Leg Update will reinitialize the 
computer to the new first leg. 


Any filled 40-List points located after the 
current "next tape-filled point” of each type 
will be utilized in the normal ANS sequence 
and no Track Leg Update is required (see 
Figure 4-56). 
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ASARS Control Point CODE 







Digit 1: L = Dual Spot (Not available) 


R= Normal 





0 = Neither Set 

= Rewind 

4 = Down link (Not available) 
= Both Set (Not available) 

NOTE: Selection of 4 or 6 will result in no 

ASARS imagery being recorded. 





Digit 3: 





4 = Fl, Low Resolution (Spot only) 
= Fl, High Resotution (Spot 
only) 
2 = F2, Low Resolution (Acquisi- 
tion and Search only) 


3 = F2, High Resolution (Not 
available) 

4 = F3, Low Resolution (Spot only) 

5 = F3, High Resolution (Not 


available) 


6 = F4, Low Resolution (Acquisi- 
tion and Search only) 
7 = F4, High Resolution (Not 


available) 
NOTE: Extreme care must be exercised in 
selecting resolution and frequency. 
Non-available combinations of 
mode (Pigit 4) and Resolution/- 
Mode may be selected resulting in 
no ASARS activity. 






Standby 
Acquisition 
Search 

Spot 


Turn recorder off after this 
swath 

Leave recorder on after this 
swath 












Figure 4-58 


NOTE 


A FP/CP/DP in the 40-List must be 
deleted before a correction/modifi- 
cation can be made to that numbered 
point. 
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Points may be added before replaced tape- 
filled DPs. A maximum of seven points of 
one type can be added in between two tape- 
filled points of that type. Points cannot be 
added after the last tape-filled point of that 
type. FPs and CPs cannot be added into 
track legs that contain no tape-filled FPs or 
CPs except an Anytime Fixpoint (described 
later) can be added to a leg that has no tape- 
filled FPs, If a FP is replaced, any sensor 
activity programmed at the original tape 
filled-point is negated, that is, will not occur. 
The sensors should then be operated in the 
Manual Mode. If a FP is added, there is no 
effect on the programmed camera activity. 
Adding a viewsight FP does not affect pro- 
grammed radar activity. 


ASARS Acquisition Mode CPs cannot be 
added or replaced. Acquisition Mode FPs 
may be replaced. ASARS Search Mode CPs 
may be added in pairs preceeding other 
ASARS CPs but no FPs can be placed on a 
newly created swath. Search mode CPs can 
be replaced, but will result in FPs on that 
swath not being processed. Spotlight or 
standby ASARS CPs may be replaced or 
added to existing ASARS CPs. ASARS CPs 
and FPs may only be added to the same leg as 
the referenced point, not to the preceeding 
leg. Measure Altitude CPs and FPs cannot be 
added or replaced. 


The ANS does not automatically stop proces- 
sing CPs and FPs on the original tape-filled 
leg when navigating on a leg from a tape- 
filled DP to an added or replaced DP; or from 
a replaced DP to any type of DP. In these 
cases, the CPs and FPs on the original leg are 
processed relative to the new leg. In general, 
pointing and mapping commands will be in- 
correct, and unless all CPs and FPs can be 
projected on to the new leg, a sensor could be 
commanded on but not off. Therefore, the 
sensors should be operated in their manual 
modes or tape-filled CPs and FPs should be 
replaced. No CPs and FPs are processed 
when navigating from an added DP to any 
type of DP. 


After a power dropout, pressing RAPID or 
MODE START on the ground with the MAL 
light flashing will erase the 40-List. Anytime 
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a rapid or gyro-compass ground alignment is 
performed, 40-List data must be re-entered. 
40-List data is not deleted if the HOT switch 
is pressed with the MAL light flashing or a 
cold airstart is performed. Therefore, 40- 
List data is retained for a ground hot start, 
cold airstart, or a hot airstart. Pressing the 
MODE START switch without the MAL light 
flashing has no effect on the 40-List. 


‘Turn Radius For Panel-Filled DPs 


A turn radius can be filled with any panel- 
filled DP to get a fixed-range-to-turn at that 
DP. This data is filled in nautical miles with 
three digits and appears in the SELECTED 
DATA window 3. If no turn radius is filled, 
the system calculates the turn radius based 
on current groundspeed and a 32° bank angle. 
Figure 4-59 lists turn radius values for 
various Mach numbers and bank angles. 


NOTE 


A turn radius for a bank angle 
greater than 35° will only be com- 
manded by the autopilot if the origi- 
nal programmed bank angle for that 
turn start point (TSP) was greater 
than 35°, The autopilot will other- 
wise be limited to 35°. 


Delete DP/FP/CP Procedure 


The DELETE procedure can erase a panel- 
filled DP, FP, or CP from the 40-List so that 
the memory space can be re-used, or that a 
mistake in manually entering a point can be 
rectified without clearing the entire 40-List. 
Tape-filled points cannot be deleted. 


Add FP Anytime Procedure 


The ADD FP ANYTIME procedure is identical 
with the ADD-FP procedure except that no 
TD code is entered and the entry does not go 
into the 40-List. The procedure allows the 
RSO to add viewsight or TACAN fixpoints on 
legs that have no tape-filled FPs (during 
critical phases of hot or cold airstarts; on 
skip-to or direct-steer legs; or any time). 


The Anytime FP can only be entered when on 
the great-circle leg on which it is to be used. 





— 





Actuation of the viewsight READ switch 
deletes a viewsight FP. A TRACK LEG 
UPDATE or DIRECT STEER procedure also 
deletes an Anytime FP, There is no provision 
for ASARS Anytime FPs. 


When a viewsight Anytime FP is inserted, no 
tape-filled or panel-filled fixpoints on that 
track leg are processed until the RSO presses 
the viewsight READ switch. Camera and 
ASARS control points are not affected by the 
viewsight Anytime FP routine. 


TACAN Anytime FPs do not affect sensor 
programming at tape-filled control points or 
fixpoints. 


Opportunity Viewsight Fix 


The Opportunity viewsight fix allows the RSO 
to update ANS present position using a 
visually identified point which has not been 
tape or panel-filled into the ANS. In this 
procedure the RSO aligns the cursor and 
presses the READ switch as in a normal 
viewsight fix routine. As the coordinates of 
the opportunity point are not previously 
stored in the computer, the initial display of 
ANS corrections is meaningless. However, 
these initial corrections are cleared when the 
RSO fills the latitude, longitude, and ele- 
vation of the opportunity point. When the 
ENTER/DISPLAY switch is pressed after co- 
ordinate entry, new errors are displayed. The 
RSO can then either clear the errors or enter 
the corrections. 


The RSO can repeat the coordinate entry if 
an error is made in the initial entry by 
pressing the ENTER/DISPLAY switch and re- 
entering all data required. However, if ERR 
is displayed in the MODE window, MAN 
CLEAR must be pressed to terminate the 
routine and no update is possible. 


Skip to DP Routine 
The following examples refer to Figure 4-54. 


When the skip-to routine is performed, the 
following DP number associated with the 
current next DP is replaced with the skipped- 
to DP number. This procedure can be used to 
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select an alternate route in flight. For 
example, perform skip to DO0011 while en- 
route from D00001 to D00002 and before 
reaching the range-to-turn to 000003, to 
select the alternate route from D00002 to 
000011 to DO0012, etc. This procedure could 
also be used to skip any portion of the 
programmed mission. For example, to skip 
from D00004 to D00006, perform a "skip to 
100006" while enroute from D00003 to 
100004 and before reaching the range-to- 
turn to D00005. Do not perform a skip from 
a doubly defined destination to its alternate 
destination since this creates a zero-length 
leg and unpredictable navigation results. For 
example, do not perform a "skip to D00011" 
after reaching the range-to-turn to D00003 
and enroute to D00003 since the leg from 
100003 to DO0011 has zero length. 


Skipping to a DP after starting great-circle 
navigation does not erase CP or FP operation 
on the original programmed leg following the 
current next DP, Consequently, skipping to 
100011 to select the alternate route does not 
eliminate the sensor operation on the leg 
from D00002 to DO0003. On the other hand, 
skipping to D00006 while enroute to DO00N4 
will not eliminate the CP's and FP's along the 
original leg from D00004 to D00005, and the 
system will process these points. In this 
case, the sensors could be operated in their 
manual modes until back on the programmed 
mission course. 


Direct Steer 


The direct-steer procedure results in an im- 
mediate change in destination. When com- 
manded, the ANS computes a new great- 
circle course from the present position to the 
destination point selected or coordinates 
entered by the RSO. The aircraft turns to 
the new course immediately after the DIR 
STEER switch is pressed. The ANS computes 
new great-circle courses to the selected DP 
or coordinates until the aircraft has turned to 
within 2 degrees relative bearing to the 
destination, This results in the most direct 
path to the destination. If aircraft track 
subsequently deviates more than 2 degrees 
from command course, the direct steer is 
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ANS BANK ANGLE VS TURN RADIUS FOR VARIOUS MACH NUMBERS 
FAT = -56° 











*KTAS based on Mach 1.0 = 573.6 knots at -56.5°C ambient air temperature. 
KR = 14,815 (V/1000)2/Tan # for ANS System turn; where V = KTAS, f= bank angle. 





Figure 4-59 


automatically restarted. When the DIRECT 
STEER procedure is performed, ANS operate 
commands to the sensors are turned off. The 
ADD ANYTIME FP and OPPORTUNITY 
Viewsight Fix procedures are usable while in 
DIRECT STEER if the aircraft track remains 
within 2 degrees of the bearing to the DP 
during the Fix procedure. 
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Track Leg Update 


The Track Leg Update procedure allows the 
RSO to change the current ANS track leg. 
Any track leg segment in the mission may be 
selected. The RSO fills the ID code number 
of the beginning DP of the leg he desires. 


he 
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ANS TURN RADIUS VS. TRUE AIRSPEED & BANK ANGLE 


14.815 v2 


RADIUS = Foo 5 000 ran 


40 60 
ANS PROGRAM TURN RADIUS — N. MILES 
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GYROCOMPASSING 
= Warm up © min 
= Coarse align 6 min 
= Fine align 2 min 55 sec 
Istalig 12min 15sec } 95 min'55 sec 
1 min 30 sec 
16 min 10 sec 


+ Warmup @ min 
~ Coarse align 6 min 78min 15 sec 
~ Fine align 12min 

GROUND HOT START 


= Coarse align SO sec 
+ Restart 30 sec } vse 


GROUND ACTIVATION 








AIRSTART 
+ Coarse Align Phase Until platform is rough leveled (< 40 arc min) 
~ Restart ‘Until platform is leveled (< 21 arc min) 
= Navigate Phase Continuous after platform leveling 
AIRSTART Dead Reckon Continuous from FILL PP (during 
coarse align) to * ON (steady) 
Search for Star Continuous from platform leveling + 5 min 
At es to ® ON illumination (steady) 
Airmass-damped, Continuous after * ON illumination 
astro inertial (steady) 
navigation 
Figure 4-61 
NOTE 
The ANS then initializes to the leg from that If the current groundspeed and/or 
DP to the next sequential tape-filled or 40- present position satisfy turn start 
List DP. Great-circle navigation and sensor criteria to the next leg, then the ANS 
control are immediately conducted relative will accept the updated track leg and 
to this new leg. The ANS sequences through immediately “index” to that next 
all FP's and CP's on the new leg up to the track leg. 


current computed along-track position, where 

sensor commands will be as programmed for ANS OPERATION 

that point on the track; normal auto-nav 

steering is performed, using a 30-degree The ANS must be warmed up and aligned 


approach to the new track, if necessary. before flight. The methods for ground and 
air alignment and their association with 
The RSO should perform a track leg update various navigation modes is outlined in Figure 


during a Hot or Cold Airstart and Ground Hot 4-61. 
Start since the computer automatically re- 
initializes to the first track leg segment on 

the mission tape at system turn-on. 
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CHRONOMETER/OPERATION OPTIONS 











Status of Chronometer 
Installed 


Accurate, GO Any 





B, Inaccurate, GO 


C. Inaccurate, GO 


D. NO/GO or Chrono- 
meter disconnected 
or not installed, 








RSO Mode Options 


Do not fill DAY/TIME, INERTIAL 
ONLY selected after align. 


Fill DAY/TIME - ASTRO INERTIAL 
selected after align. 


Any. But any power dropout of No. 
any duration will cause drop 
out of ANS. New alignment or 
Cold Airstart will be required. 
This situation very undesire- 
able and ANS dropout is highly 
probable in flight due to 
electrical system interruption 
or transient below 103 volts. 
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Hot Start Program 
Retained 






Yes 


Yes, no star tracking 
possible. 


No, star tracking 
available. (Recom- 
mended procedure.) 








Figure 4-62 


Prior to ground alignment, verify that the 
prescribed mission program is in the com- 
puter and that the portable chronometer is 
installed and operating. Power and cooling 
air are required continuously through warm- 
up, alignment, and navigation. Once align- 
ment has started, a power interruption of 
more than 1 second will require realignment. 
Normally, warmup and alignment are per- 
formed on ground power and cooling air with 
transfer to aircraft power and cooling air 
after engine start, but can be performed on 
aircraft power and cooling air after engine 
start. 


Tape 13 is compatible with increased altitude 
resolution from DAFICS, This feature re- 
quires hardware changes to DAFICS. To 


verify correct system configuration the RSO 
must check proper altitude scaling by 
performing the Altitude Scaling Test routine. 
This routine compares the ANS altitude to 
the TDI. The altitude readings must agree, 
otherwise, notify maintenance. 


When operating from an alternate base 
without ANS support personnel, the 
chronometer day/time accuracy must be 
checked. If a flight with an accurate 
chronometer installed terminates at an 
alternate base, the chronometer can be (a) 
maintained indefinitely in an accurate GO 
state by connecting ground power and cooling 
to the aircraft with the MODE switch OFF 
and the aft cockpit ANS essential DC circuit 
breaker in, or (b) left in the aircraft after 
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normal shutdown procedures are completed. 
In the latter case, if the battery ON/OFF 
switch is left in the ON position, the chrono- 
meter battery will run down in approximately 
24 hours and the chronometer will stop. 
After power is reapplied to the aircraft and 
the battery ON/OFF switch is in the ON 
position, the chronometer should display a 
GO status and begin to charge its internal 
battery. If the chronometer is in a GO 
status, but merely incorrectly set, fill 
DAY/TIME during C/A and operate in the 
ASTRO INERTIAL mode. (In a ground hot 
start, the C/A mode lasts only 60 seconds.) 
After filling DAY/TIME, the difference 
between RSO filled values and chronometer 
values is retained as a bias term to update 
the computer time following power dropouts 
of less than 1 second. Thus, astro inertial 
navigation should function normally. Power 
dropouts that exceed 1 second will not be 
compensated for. 


After filling DAY/TIME a Hot Airstart can- 
not be performed and a new ground alignment 
or Cold Airstart is required. Chronometer 
options are listed in Figure 4-62. 


NOTE 


Takeoff without a chronometer or 
with a NO/GO is permitted but not 
recommended. ANS mode options 
are the same for any of these con- 
ditions, but are subject to conditions 
discussed under Power Dropout and 
Chronometer Failure in this section 
under Malfunction Indicator. Also 
refer to Flashing MAL Light On 


Durin; Ground eration and 


Flashing MAL Light On In Flight, this 


section, 


Warmup 


Turn the MODE switch from OFF to WARM 
UP. The MAL light will illuminate steady. 
Monitor the TEMP LIMIT‘ light. If the light 
remains out, the MODE switch can be moved 
to an “operate” position. If the TEMP LIMIT 
light is on steady or flashing, immediately 
turn the MODE switch to OFF and check ANS 
cooling. The MODE window display is blank 
in the WARM UP mode. 
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Ground Alignment 


When the MODE switch is moved from 
WARM UP to ALIGN or an "operate" mode, 
full operating power is applied to the entire 
system and alignment begins. The MODE 
window indicates the current phase of 
alignment. Initially, the MODE window reads 
C/A, and the computer starts the self and 
system test routines. A flashing MAL light 
comes on when full operating power comes on 
and is reset by pressing the MODE START, or 
RAPID, or HOT switch; it will relight if the 
computer test routines detect a malfunction 
or power dropout. 


Upon successful completion of the test 
routines, the computer automatically starts 
alignment beginning with the coarse phase. 
Coarse alignment time (5 to 6 minutes) is the 
same for all ground-start cases except ground 
hot start. 


Except for hot starts, fine alignment begins 
after completion of coarse alignment if pre- 
sent position coordinates have been entered. 
Do not enter present position until the TEMP 
TOLR light extinguishes. 


NOTE 


Except for hot starts, enter either 
magnetic variation or true heading 
prior to entering present position and 
field elevation. 


The optimum method of alignment is gyro- 
compassing. The 30-minute fine-alignment 
phase includes gyrocompassing. Gyro com- 
passing determines the orientation of the 
platform relative to true north. Fine align- 
ment accurately levels the platform to the 
local vertical. 


An alternate method of ground alignment is 
the rapid alignment. In this mode, the sys- 
tem automatically goes directly to a 12- 
minute fine-align period from coarse align. 
During fine align, the gyros are rated and the 
platform is leveled. Since gyrocompassing is 
not performed, a runway heading alignment 
should be performed during takeoff following 
a rapid alignment unless the aircraft true 
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heading in the parking location is known 
within 0.1 degree or the star ON light 
illuminates before flight. 


Completion of fine alignment (and gyrocom- 
passing) is indicated by display of present 
position coordinates in the PRESENT LATI- 
TUDE/LONGITUDE windows. For optimum 
navigation performance, remain in fine-align- 
ment until just before taxi. If the aircraft 
will be stationary for 5 minutes or more after 
a navigation mode has been initiated, use the 
Ground Alignment Correct procedure. This 
procedure puts the system back into fine 
align and removes any velocity error induced 
by taxiing. Star tracking will continue during 
the alignment if it was in progress. 


ent Mode Selection 





The ANS is aligned by setting the MODE 
switch to ALIGN, ASTRO INERTIAL or IN- 
ERTIAL ONLY and pressing either the MODE 
START switch or the RAPID switch. 


For a gyrocompassing alignment, set the 
MODE switch to ALIGN, ASTRO INERTIAL 
or INERTIAL ONLY and press the MODE 
START switch. At the completion of Fine 
Align the ANS automatically enters the mode 
selected with the MODE switch. If ALIGN 
was selected the ANS remains in Fine Align 
until a navigation mode is selected or the 
aircraft is moved (in which case the system 
autorsatically enters the ASTRO INERTIAL 
mode). 


For a rapid alignment, set the MODE switch 
to ALIGN, ASTRO INERTIAL or INERTIAL 
ONLY and press the RAPID switch. At the 
completion of Fine Align the ANS remains in 
Fine Align until a navigation mode is selected 
or aircraft motion causes the system to enter 
the ASTRO INERTIAL mode. 


Navigation cannot start until the minimum 
fine-alignment time has elapsed as indicated 
by display of the present position coordinates 
in the PRESENT LATITUDE/LONGITUDE 
windows. 
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NOTE 


The alignment mode cannot be 
changed subsequent to the first 
MODE START or RAPID switch 
operation without turning the MODE 
switch to OFF or WARM UP and back 
to the desired mode. Merely moving 
the MODE switch to the alternate 
mode and pressing the MODE START 
switch does not change the mode of 
alignment. 


Ground Hot Start 


An abbreviated ground alignment is provided 
when the aircraft has not moved since the 
ANS was turned off following a normal 
ground alignment or operation in an operate 
mode. In this mode the RSO presses the HOT 
switch after power and cooling air are on. 
The ANS uses the true heading and present 
position stored in memory at the end of the 
previous operation. The ground hot start 
alignment consists of a variable time coarse 
alignment followed by a 30 second leveling 
period during which RESTART (RES) is 
displayed. The time in C/A should not 
exceed 90 seconds from the time HOT is 
pressed. Platform leveling is inhibited until 
45 seconds after power is applied, then 
coarse alignment begins if HOT has been 
pressed. If HOT is not pressed, platform 
leveling is inhibited. When the platform tilt 
error is less than 10 arc minutes, the ANS 
enters the RES mode for 30 seconds of fine 
alignment. Failure to enter the RES mode 
means that the platform was unable to level 
to less than 10 arc minutes. The platform 
cannot recover from greater than 2-1/2° of 
tilt during a ground hot start. If the ANS will 
not come out of C/A, a rapid or gyro compass 
alignment must be performed. Completion of 
a ground hot start alignment is indicated by 
the appearance of F/A in the MODE window. 
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NOTE 


If star tracking is not possible due to 
aircraft location or sky conditions, 
leave the system in F/A. Otherwise 
place the system in ASTRO 
INERTIAL mode by setting the 
MODE switch to ASTRO INERTIAL 
and press MODE START. When A-I 
appears in the MODE window, 
inertial data is used for all ANS 
updates and displays and the star 
tracker will start searching for an 
"A" star. 


The ANS uses the landing gear switch to 
distinguish between a ground hot start and a 
hot air start. Air mass damping is not 
performed following a ground hot start. 
Before a ground hot start, ground cooling air 
should be provided at 75°F if possible. 
Loading a new mission tape destroys the 
stored values of position and heading. If the 
stored heading is not accurate within 0.1 
and the star ON light is off, a runway heading 
alignment should be performed following the 
ground hot start. 


Takeoff 


If the runway heading alignment routine is 
used, maintain takeoff roll parallel to runway 
centerline. This alignment is automatically 
terminated at lift-off by a switch on the left 
main landing gear strut. The RSO must press 
the UPDATE or MAN CLEAR pushbutton to 
end the procedure. 


In-Flight 


After takeoff, the tape-filled mission plan 
will be followed automatically except as 
modified by panel-filled inputs. Generally, 
the autopilot is engaged in the auto-nav mode 
to simplify flying the mission. Refer to 
Mission Tape Program and Mission 
Modification, this section, for a more 
complete discussion of navigation and sensor 
control. 


Position fixes, using the TACAN, ASARS, and 


viewsight should be made at frequent 
intervals to verify and, if necessary, refine 
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computed position. The ANS errors measured 
by these systems are displayed on the NCD 
panel and may be cleared or entered into the 
ANS to correct present position. This is 
especially important in the alternate 
navigation modes. 


TACAN FP accuracy is inherently worse than 
the viewsight, ASARS, or ANS fixes, so 
updates of the ANS by TACAN should only be 
entered when the ANS is positively known to 
have large errors. 


The ANS software will weight the cqrrection 
according to prestored accuracy estimates 
for the type of fixpoint and its current 
estimate of ANS accuracy. Hence the update 
command by the RSO will result in only a 
portion of the displayed error being accepted. 
The Remote Update routine will, however, 
always make a total position update by the 
amount commanded. On other types of fix 
updates, if either the latitude or longitude 
correction requested is greater than 5 nauti- 
cal miles, the total amount will be accepted. 


The NCD panel star ON light is an important 
indicator during astro-inertial and airstart 
operation. If the star ON light is out during 
astro-inertial operation, system error will in- 
crease at the inertial-only rate and extra 
effort should be made to check computed 
position. If the star ON light is on, astro- 
inertial performance will generally be good. 
Refer to Astro-Inertial Navigation, this 
section. 


Airstart Alignment 


Should there be an airborne power interrup- 
tion or temporary malfunction, it may be 
possible to realign the ANS using the airstart 
procedure. A period of coarse alignment to 
level the platform is followed by a period 
when it may be possible to accurately level 
the platform for precision navigation by per- 
forming a series of fixes. 


Present position can be entered any time 
after initiating the airstart procedure and is 
updated continuously thereafter by dead- 
reckoning computations. If present position 
has not been filled by the time the coarse 
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align phase has been completed, the MODE 
window will indicate ENT (Enter data). 


The system also commences great-circle nav- 
igation and sensor control using dead reck- 
oning position as a reference in computing 
steering commands, true heading, range and 
bearing to points of interest, NORMAL dis- 
play data, etc. True heading must be 
checked for accuracy and updated as 
required. Magnetic variation may be used to 
correct true heading when the ANS is in the 
C/A mode. Afterwards the TRUE HEADING 
UPDATE routine must be performed. Also, if 
accurate navigation is desired prior to star 
ON light illumination, the FILL WIND pro- 
cedure should be used initially in the coarse 
align mode and repeated as wind conditions 
change until star ON steady illumination. 
Position fixes (TACAN, viewsight, or ASARS) 
may be used to update the dead reckon frame 
during this period. Remote updates may be 
used to update the inertial frame. 


After coarse alignment is completed, the 
MODE window display changes to RES and 
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the system commences internal airspeed- 
damped navigation using dead-reckon data as 
a starting point. In one minute the first 
airmass damping correction is made and 
corrections of diminishing magnitude are 
made every minute for the duration of the 
flight. These corrections do not cause auto- 
nav steering transients. Inertial present 
position can be displayed and compared with 
dead-reckon present position by using the 
DISPLAY PRESENT POS procedure. Star 
search begins when A-I appears in the MODE 
window. To optimize star acquisition, the 
aircraft should be flown straight and level. 


Acquisition of star A is indicated by flashing 
of the star ON indicator. When B star is 
acquired the star ON light goes out. 


When the star ON indicator goes on steady, 
indicating that continuous star tracking is in 
progress, inertial data is used to update all 
ANS outputs and internal dead-reckon 
computations. If the autopilot is engaged in 
the auto-nav mode, an aircraft maneuver will 
occur. Position fixes should be made and the 
system updated as required. 
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ANS NORMAL PROCEDURES 


‘The following ANS Tape 13 operating 
procedures are divided into the general 
categories of alignment, fill, update, 
change and display. 


OTE 


In these procedures, only the indications that change as a result of procedural steps are listed. 
Assume that the display does not change if the indication of a particular display is not listed. 













The L and R TECH and SLR NCD indicators will be off unless otherwise specified. 


The MAL indicator must be off at all times except: it must be on steady while in the WARM UP 
mode and flash when the MODE switch has been turned from OFF or WARM UP to ALIGN, 
ASTRO INERTIAL, INERTIAL ONLY, DEAD RECKON, or AIRSTART; and must extinguish 
after the MODE START, HOT, or RAPID switch is pressed. Refer to the Emergency Procedures 
paragraph if the MAL light illuminates under any other circumstances. 


"Operate" positions of the MODE switch means ALIGN, ASTRO INERTIAL, INERTIAL ONLY, 
DEAD RECKON, or AIRSTART. 


If ERR is indicated in the MODE window, press the MAN CLEAR switch and restart the 
procedure. 


ENT is displayed following the minimum coarse alignment period when present position/heading 
has not been filled. 





When the MAN CLEAR switch is pressed (or the first keyboard switch is pressed after a panel 
routine is completed in a sequence of routines) the SELECTED DATA counters blank with the 
exception of a cue letter in one of the windows which will indicate the first data to be entered. 
The exact letter and window will depend on the DATA switch position. The PRESENT 
LATITUDE/LONGITUDE/WIND/NEXT DP/TIME TO TURN displays and the star ON, TEMP 
LIMIT, and TEMP TOLR indicator lights are not affected. 







GROUND ALIGNMENT c. TEMP LIMIT light - Off. 

Prior to ground alignment, an operating Turn MODE switch to OFF if TEMP 
chronometer must be installed, the aircraft LIMIT light illuminates. 

must be stationary, and the MODE switch 

must be OFF, Heading must be supplied a. TEMP TOLR light - Off, on, or 
within +428 degrees for gyrocompassing flashing. 


alignments, or +2 degrees for rapid alignment 
by the INS or TRUE HEADING UPDATE 2. MAG/GRID switch - MAG illuminated. 
procedure. 


3. MODE switch - ALIGN, ASTRO 
1, MODE switch - WARM UP. INERTIAL, or INERTIAL ONLY. 
a. MAL light - On steady. Allow 5 minutes in WARM-UP before 


selecting an alignment mode. 
b. MODE window - Blank. 
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MAL light - Flashing. 
MODE window - C/A. 


PRESENT LATITUDE and LONGI- 
TUDE windows - Blank. 


c 


d, SELECTED DATA windows - Blank. 


4. Check GMT and Julian Day using TIME 
Display. 


If either GMT or Julian Day are in error 
replace the chronometer and restart the 
alignment. If a chronometer replace- 
ment is not available, fill DAY and TIME 
as accurately as possible. Time error 
greater than 2 seconds may result in star 
tracking but with erroneous ANS up- 
dating. If accurate star tracking cannot 
be accomplished, the ANS may be oper- 
ated in the INERTIAL ONLY Mode. 


NOTE 


The ANS may be initialized without 
TIME only if INERTIAL ONLY is 
selected and MODE START is 
depressed. 

5. 


For GYROCOMPASS alignment: MODE 


START - Press oF 


For RAPID alignment: RAPID Switch - 
Press. 


a. MAL light - Off. 


b. Star ON light - Flashing when artifi- 


cial internal star is tracked. 


If coarse alignment is completed before steps 
6 through 8 are completed, MODE window 
will display ENT. 


Perform step 6 or 7: 


6. Use aircraft heading for TRUE HEAD- 


ING UPDATE, 
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accurate aircraft true 


Enter known, 
heading, using the TRUE HEADING UP- 
DATE procedure. 


Use INS true heading for TRUE HEAD- 
ING UPDATE. 


Verify the INS is aligned and operating in 
NORM or NAV mode. Display INS true 
heading and insert these values into the 
ANS using the TRUE HEADING UPDATE 
routine. 


NOTE 


If the TRUE HEADING UPDATE 
routine is performed in coarse align 
or enter data, the updated true 
heading is used but will not be 
displayed until the ANS enters the 
fine align (F/A) mode. 


When TEMP TOLR light off: 


Fill present position and initial altitude 
(field elevation). 


When coarse alignment is complete: 
a. For  gyrocompassing alignment, 
MODE window displays F/A for at 
least 30 minutes. 

b. For rapid alignment, MODE window 
displays F/A for at least 12 minutes. 


When the minimum alignment time has 
elapsed, present position is displayed in 
the PRESENT LATITUDE and LONGI- 
TUDE counters. After this occurs, and 
just before taxi, start navigation by per- 
forming steps 9 and 10. 


Before taxiing: 


9% 


10. 


MODE switch - ASTRO INERTIAL or 
INERTIAL ONLY. 


MODE START - Press. 


a. MODE window - A-I or I/O. 
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NOTE 


If ASTRO INERTIAL or INERTIAL 
ONLY mode was selected in step 3, 
the system automatically starts astro 
inertial or inertial only navigation, 
and the MODE window indicates A-I 
or 1/O when the minimum alignment 
time has elapsed. 


If rapid alignment used and star light off: 
11. Do a RUNWAY HEADING ALIGNMENT, 
NOTE 


This step is not required if at least 
one star has been tracked (B star), 
however, this might not be evident 
unless the DATA switch was placed 
to TIME. In any case, the star on 
light (C star) indicates at least two 
different stars have been tracked 
within the past 5 minutes. 


GROUND ALIGNMENT CORRECT 


The GROUND ALIGNMENT CORRECT 
routine torques the platform to earth rate at 
the local latitude and thus removes any velo- 
city errors that may have built up during 
taxi. If it is expected that the aircraft will 
remain stationary for at least four minutes 
after the star ON light has illuminated, this 
procedure should be used. Since star tracking 
continues during ground align correct, star 
tracking data is used to correct heading and 
recompute the accelerometer null bias point. 
This procedure is normally performed after 
engine runup and before taxiing to the run- 
way. If the ANS is in the ALIGN mode during 
engine runs, inertial errors may result from 
inadvertant aircraft movement. A ground 
alignment correct need not be performed if 
the ANS is not tracking stars unless a long 
mission delay occurs. Although any built-up 
velocity errors will be removed, the acceler- 
ometer null bias point is not recomputed. 
Returning to ALIGN under this circumstance 
prevents further platform deterioration by 
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retorqueing it to local latitude earth rate, 
but any errors present will continue to affect 
the platform after this procedure until star 
tracking occurs. If ALIGN is selected from 
the INERTIAL ONLY mode and if INERTIAL 
ONLY is reselected after ground align 
correct, the first star tracked after ASTRO 
INERTIAL is selected will be an A-star. 


1, MODE switch - ALIGN. 
2. MODE START - Press. 
a. MODE window - F/A. 


Prior to start of taxi, initiate navigation by 
performing steps 3 and 4. 


3. MODE switch - ASTRO INERTIAL or 
INERTIAL ONLY. 


4. MODE START - Press. 
a. MODE window - A-I or I/O. 
NOTE 


If the ground-alignment-correct time 
is less than 10 seconds, no alignment 
correction is made. 


GROUND HOT START ALIGNMENT 


A ground hot start must be preceded by a 
ground alignment or navigation operation so 
that an accurate present position, altitude, 
and heading are stored in the computer. Fol- 
lowing the previous operation, the aircraft 
must be stationary, no tape-fill operations 
can be performed, and the MODE switch 
must be in OFF or WARMUP. Prior to the 
hot start cooling air should be available 
(75°F) and an operating chronometer should 
be installed. If the system has not been 
turned OFF, skip to step 2. 


1, MODE switch - WARM UP. 


a. MAL light - On steady. 
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b. MODE window - Blank. 
c. TEMP LIMIT light - Off. 


Turn MODE switch to OFF if TEMP 
LIMIT light illuminates. 


d, TEMP TOLR light - Off, on, or 
flashing. 


MODE switch - ASTRO INERTIAL or 
INERTIAL ONLY. 


a. MAL light - Flashing. 
b. MODE window - C/A. 


¢. PRESENT LATITUDE and LONGI- 
TUDE windows - Blank. 


da. SELECTED DATA - Blank. 


Check GMT & Julian Day using TIME 
display. 


If either GMT or Julian Day are in error, 
replace the chronometer and realign the 
ANS. If a chronometer replacement is 
not available, fill DAY and TIME as 
accurately as possible. TIME error 
greater than 2 seconds may result in star 
tracking but with erroneus ANS up- 
dating. If accurate star tracking cannot 
be accomplished, the ANS may be oper- 
ated in the INERTIAL ONLY mode. 


HOT switch - Press. 


Check True 
position. 


Heading and present 


NOTE 


If true heading and/or present 
position are changed (or not accur- 
ate) since previous shutdown, turn 
system OFF and perform a Rapid or 
Gyrocompass alignment. 


Use TRACK LEG UPDATE for initial 
DP. 


MODE window - RES, 


—— ~~ 
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8 MODE window - F/A. 
Before taxiing: 


9. MODE switch - ASTRO INERTIAL or 
INERTIAL ONLY. 


10. MODE START - Press. 

a. MODE window - A-I or 1/0. 
When aligned on runway and no "A" star: 

11. Do RUNWAY HEADING ALIGNMENT. 
Not required if at least one star has been 
tracked (flashing star ON light). 

COLD AIRSTART ALIGNMENT 
NOTE 
If a power dropout has occured, skip 
to step 3 if HOT or MODE START 
has not been pressed after power 
returns. 


1, MODE switch - OFF. 


a. All NCD panel lights & windows - 
Extinguished/Blank. 


2. MODE switch - WARM UP. 
a. MAL light - On steady. 
b. MODE window - Blank. 
¢. TEMP LIMIT light - Off. 


Turn MODE switch to OFF if TEMP 
LIMIT light illuminates. 


d. TEMP TOLR light - Off, on, or 
flashing. 


3. Adjust to straight and level flight. 
Make necessary heading, altitude, and 


airspeed changes before continuing since 
the aircraft should be maintained as 
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steady as possible throughout the air 
start until the star ON illuminates, espe- 
cially during C/A. 


4, MODE switch - AIRSTART. 
a. MAL light - Flashing. 
b. MODE window - C/A. 
NOTE 


1/O appears in the MODE window if 
chronometer time and day are not 
available. 


c. PRESENT LATITUDE & LONGI- 
TUDE windows - Blank. 


d. SELECTED DATA windows - Blank. 
5. MODE START - Press. 
a. MAL light - Off. 


6. Check GMT & Julian Day using TIME 
Display. 


If either time or day are in error, fill as 
accurately as possible. Time error 
greater than 2 seconds may result in star 
tracking but with erroneous ANS up- 
dating. 


NOTE 


If an error is made filling TIME and 
DAY, the routine may be repeated as 
long as the system is in C/A or ENT 
and the correct number of digits and 
ENTER/DISPLAY have been pressed 
first. 


If accurate star tracking cannot be 
accomplished, select INERTIAL ONLY 
and press MODE START after the MODE 
window changes to A-L If INERTIAL 
ONLY Mode is selected before C-star 
tracking, ANS present latitude and 
longitude will be DEAD RECKON 
coordinates. Monitor ANS attitude. 
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Check True Heading and Update if 
required. 


An accurate True Heading should be dis- 
played during C/A since the ANS uses 
the current INS magnetic heading and 
the last computed value of A\PSIM, (this 
value normally equates to magnetic 
variation since it is the difference be- 
tween the ANS inertial true heading and 
INS magnetic heading). If a heading 
error exists in the INS, A\PSIM will be 
MAG VAR plus or minus INS heading 
error. \ PSIM is updated every 4 
minutes along with the DR: position 
update and is also computed whenever 
ANS power is lost. If the aircraft does 
not fly through more than 1-1/2° of 
variation from the time this value is 
computed until RES appears in the 
MODE window, the ANS heading should 
be accurate enough to track stars. If 
MAG VAR is filled, the computed value 
of MAG VAR (A\PSIM) is superseded. A 
true heading error could result from 
adding a geographically accurate MAG 
VAR to an inaccurate INS magnetic 
heading. In any case filling MAG VAR 
will only change true heading and true 
heading display when in C/A. Fill MAG 
VAR has no effect on heading or heading 
display in RES or A-L If a true heading 
update routine is performed during C/A 
or ENT, the updated true heading will 
not be displayed until RES. True heading 
may be updated and displayed in RES or 
A-L The TRUE HEADING UPDATE 
routine will override the fill MAG VAR 
routine regardless of their sequence. 
The inertial frame uses the true heading 
at the end of C/A to begin inertial 
navigation. 


The RSO has three options for true 
heading in the ANS: do nothing and let 
the last computed value of the MAG 
VAR ( J PSIM) determine the true 
heading; fill a true heading (using tanker 
heading for example); or fill MAG VAR. 
If INS heading appears normal, the first 
option is recommended. 


a 
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Fill Lat/Long of point ahead. 


Insert latitude and longitude of a point 
to be overflown at a convenient distance 
ahead, using FILL PP procedure, but do 
not press ENTER switch until step 9. 


ENTER switch - 
selected point. 


Press when over 


PRESENT LATITUDE and LONGITUDE 
windows continually update, using dead- 
reckon data. Dead reckon data is used 
for great-circle navigation, sensor 
control, and all ANS outputs except 
pitch and roll which are not functional 
until the completion of coarse align- 
ment. 





Use TRACK LEG UPDATE or DIRECT 
STEER as required. 


MODE window - Check for RES. 


When MODE window changes to RES, 
C/A is complete. 


a. ANS pitch, roll, and heading outputs 
are now functional and reflect iner- 
tial data. 


b. Internal inertial navigation begins 
and inertial heading used for DR and 
heading. 


c. Auto-Nav usable, aircraft straight 
and level. 


The autopilot can now be engaged, 
using ANS attitude reference. Any 
turns or attitude changes made 
during the RES mode will affect 
platform leveling and may prevent 
subsequent star tracking when the 
ANS goes into the A-I mode. Avoid 
engaging Auto-Nav in RES unless 
necessary. 


Use DISPLAY PRESENT POSITION pro- 
cedure to compare inertial and dead- 


13. 


14. 


15, 
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reckoning computations. Update dead- 
reckon present position using TACAN, 
viewsight, radar or PRESENT POSITION 
FILL procedures. 


MODE window - Check for A-l. 


MODE window display changes to A-I to 
indicate completion of true airspeed 
coarse leveling, beginning of star search, 
and the beginning of air-mass damping. 


FILL WIND, as necessary. 
NOTE 


Wind can be filled for use in dead- 
reckoning navigation either in an 
airstart or when dead-reckon has 
been selected. Filling wind does not 
affect inertial navigation. 


Perform FILL WIND procedure, as 
necessary, until star ON illuminates to 
keep the D.R. position accurate. 


Use the REMOTE UPDATE routine to 
correct inertial position and re-initialize 
star search if inertial errors exceed 10 
NM. 


Check star ON light. 


Acquisition of star A is indicated by 
flashing of the star ON light. When star 
B is acquired, the star ON light goes out. 
After the star ON light illuminates 
steady, inertial data is used to update all 
ANS outputs and internal dead-reckon 
data. If the autopilot is engaged in 
AUTO-NAV an aircraft maneuver will 
occur. 


Update Present Position as required. 
All inertial position error may not be yet 


removed even though the star light is 
illuminated. 
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HOT AIRSTART ALIGNMENT 


lL 
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NOTE 


If system has not been turned OFF, 
skip to Step 2. 


MODE Switch - WARM UP. 
a. MAL light - On steady. 
b, MODE window - Blank. 
c. TEMP LIMIT light - Off, 


Turn MODE switch to OFF if TEMP 
LIMIT light illuminates. 


4, TEMP TOLR light - Off, on, or 
flashing. 


MODE switch - ALIGN, ASTRO INER- 
TIAL, INERTIAL ONLY, or AIRSTART. 


a. MAL light - Flashing. 
NOTE 


The flashing MAL light after a power 
dropout indicates power restoration 
and inertial position extrapolation 
occurs, Inertial position at the time 
power was removed is moved at TAS 
rate along the inertial heading at the 
time power was lost for a time inter- 
val equal to the period from power 
off to power on. This position extra- 
polation has nothing to do with when 
the RSO presses HOT. For 45-50 
seconds after the MAL light begins 
flashing, nothing is done with the 
platform. At the end of this period, 
platform leveling begins if HOT has 
been pressed. 


b. MODE window - C/A. (If I/O, per- 
form a COLD AIRSTART) 
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NOTE 


If the MODE window display is 1/0, 
turn the system off and perform a 
COLD AIRSTART. 1/O appears in 
the MODE window if chronometer 
time and day are not available. 


¢c. PRESENT LATITUDE & LONG- 
ITUDE windows - Blank. 


d. Selected data windows - Blank. 


Check GMT & Julian Day using TIME 
Display. If in error, perform a COLD 
AIRSTART. 


If either time or day are in error, turn 
the MODE switch OFF and perform a 
COLD AIRSTART. Accurate position 
extrapolation cannot occur with 
erroneous time. 


Adjust to straight and level flight. 


Make necessary heading, altitude, and 
airspeed changes before continuing since 
the aircraft should be maintained as 
steady as possible throughout the 
airstart until the star ON light 
illuminates, especially during C/A. 


HOT switch - Press. 
a. MAL light - Off. 
b. Present position windows - DR data. 
c. Platform leveling is enabled. 
FILL WIND, as necessary. 

NOTE 
Wind can be filled for use in dead- 
reckoning navigation either in an 
airstart or when DEAD-RECKON has 


been selected. Filling wind does not 
affect inertial navigation. 
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Perform FILL WIND procedures as nec- 
essary until the star light illuminates to 
keep DR position as accurate as possible. 


Check True Heading and Update if re- 
quired. 


True Heading during C/A is INS heading 
and the last computed value of magnetic 
variation ( APSIM). This heading is 
used to drive the extrapolated Inertial 
position as well as the Dead Reckon 
position. Operation, display, and update 
of True Heading during C/A, RES, and 
A-l is identical to that during the COLD 
AIRSTART. 


Perform 
DIRECT 


Check current track leg - 
TRACK LEG UPDATE or 
STEER, if required. 


NOTE 


An Auto Track Leg Update is initi- 
ated to the track leg on which the 
hot airstart is performed. If a direct 
steer had been performed on the leg 
on which the airstart is attempted 
then initialization will be to DP 1. 
SKIP TO operations initiated before a 
hot airstart are not retained. 


MODE window - Check for RES. 


When MODE window display changes to 
RES, C/A is complete. 


a. ANS pitch, roll, and heading outputs 
are now functional and reflect Iner- 
tial data. 


b. Internal inertial navigation begins 
and inertial heading used for DR and 
heading. 


¢. Auto-nav usable, aircraft straight & 
level. 


The autopilot can now be engaged, 
using ANS attitude reference. Any 
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attitude 


turns or 
during the RES mode will affect 
platform leveling and may prevent 
subsequent star tracking when the 


changes made 


ANS goes into the A-I mode. Avoid 
engaging Auto-Nav in RES unless 
necessary. 


NOTE 


If the platform precesses beyond 2- 
1/2° of tilt from the time power is 
removed until the time platform 
leveling is enabled, the ANS will 
probably not come out of C/A into 
RES mode in a reasonable period of 
time and a COLD AIRSTART will 
have to be performed to level the 
platform. 


10, MODE window - A-I. 


MODE window display changes to A-I to 
indicate completion of true airspeed 
coarse leveling, and the beginning of star 
search, and air-mass damping. 


NOTE 


Even if the MODE switch is in 
ALIGN, INERTIAL ONLY, or AIR- 
START when HOT is pressed, the 
system will automatically go into 
ASTRO INERTIAL mode during a 
HOT AIRSTART. 


11. Check star ON light. 


Acquisition of star A is indicated by 
flashing of the star ON light. When star 
B is acquired, the star ON light goes out. 
After the star ON light illuminates 
steady, inertial data is used to update all 
ANS outputs and internal dead-reckon 
data. If the autopilot is engaged in 
AUTO-NAV, an aircraft maneuver will 
occur. 


SELECT DEAD RECKON MODE 


The DEAD RECKON mode can be selected 


any time in flight. 
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1, MODE switch - DEAD RECKON. 
2. MAG/GRID switch - MAG. 
3, MODE START - Press. 

a. MAL light - Off. 


If on, refer to Emergency Pro- 
cedures paragraph. 


b. MODE window - D/R. 


4, True Heading - Check, fill Mag Var as 
required. 


Check true heading. Fill MAG VAR as 
required to keep the true heading as 
accurate as possible. When the DEAD 
RECKON mode is initially entered, mag- 
netic variation should not have to be 
filled since the true heading will be the 
last computed value of APSIM (the diff- 
erence between the ANS inertial true 
heading and INS magnetic heading). 


5. Fix and Update Present Position as re- 
quired. 


Fill present position if DEAD RECKON 
is selected from OFF or WARM UP. 


6, FILL WIND, as necessary. 


NOTE 


Wind can be filled for use in dead- 
reckoning navigation either in an air 
start or when dead-reckon has been 
selected. Filling wind does not 
affect inertial navigation. 


PRESENT LATITUDE and LONGITUDE wind- 
ows are clear until filled if DEAD RECKON 
is selected from OFF or WARM UP, or during 
a "cold" airstart. Otherwise, the PRESENT 
LATITUDE and LONGITUDE counters are 
continuously updated from their initial 
reading as soon as MODE START is pressed. 


‘The ANS assumes 0 degrees roll and 6 
degrees pitch when VIEWSIGHT PP UPDATE 
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procedure is performed in the DEAD 
RECKON mode; therefore, the aircraft 
should be straight-and-level for viewsight 
fixpoints. If another operate mode is 
selected from DEAD RECKON, even prior to 
star ON light illumination in a “cold” or "hot" 
airstart, dead-reckon position and magnetic 
variation are updated to inertial data at 4- 
minute intervals in the new mode. 


RUNWAY HEADING ALIGNMENT 


The aircraft should be aligned with runway 
centerline. MODE switch must be in ASTRO 
INERTIAL or INERTIAL ONLY position. 
MODE window display must match MODE 
switch position. A heading correction will be 
inhibited if star B was successfully acquired 
as the first star after ground alignment. 


1. DATA switch - HEADING. 


2. Runway True Heading - Enter (XXX° 
XX.X2. 


Enter known runway true heading in de- 
grees (three digits), minutes (two digits), 
and tenths of minutes (one digit). 
Entered data appears in SELECTED 
DATA 4 window. 


3. MODE START - Press. 


Press just before takeoff roll. 


At liftoff: 

4. Check ANS computed True Heading in 
SD-1 window. 
At aircraft lift-off, average ANS 


heading appears in degrees (three digits), 
minutes (two digits), and tenths of min- 
utes (one digit). 

Perform step 5 or 6: 

5. UPDATE switch - Press. 


Press to incorporate difference between 
average ANS and runway headings. 
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MAN CLEAR switch - Press. 
NOTE 


If computed runway heading does not 
appear in SD-1 window at lift-off, 
the takeoff switch has probably 
failed; in this case, press MAN 
CLEAR to terminate the procedure. 


FILL PRESENT POSITION 
AND INITIAL ALTITUDE 


In any “operate” mode, when MODE window 
displays C/A, ENT, RES, A-I or D/R for other 
than initial fill for ground align. 


NOTE 


Either magnetic variation or true 
heading must be entered for ground 
alignment prior to FILL PRESENT 
POSITION and INITIAL ALTITUDE or 
an ERR indication will appear after 
ENTER is pressed. 


If present position is filled in flight, position 
coordinates should be those that will exist 
when ENTER is pressed. Any present 
position filled after the COARSE ALIGN 
(C/A) phase will be entered into the dead 
reckon reference frame. 


If not a ground Alignment, do steps 1, 2, 3, & 


5: 
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DATA switch - PRES POSITION. 
Fill Latitude (N/S XX°XX.XX). 


Enter N or S position latitude in degrees 
(two digits), minutes (two digits), and 
hundredths of minutes (two digits). 
Entered data appears in SD-1 window. 


Fill Longitude (E/W XXX°XX.XX). 


Enter E or W position longitude in de- 
grees (three digits), minutes (two digits), 
and hundredths of minutes (two digits). 
Entered data appears in SD-4 window. 
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4. Local Field Elevation - Enter (XXX) in 
hundred feet. 


Entered data appears in SD-3 window. 
5. ENTER switch - Press. 
FILL WIND 


MODE switch in any "operate" mode. MODE 
window displays any mode. 


1, DATA switch - TEST. 

2. Wind direction - Enter (XXX°). 
Entered data appears in SD-5 window. 

3. Wind speed - Enter (XXX). 


Enter wind speed in knots (three digits). 
Entered data appears in SD-6 window. 


4. ENTER switch - Press. 
FILL DAY AND TIME 


Day and time may be filled only when the 
ANS is in COARSE ALIGN. Attempting to 
enter day/time in any other mode will result 
in ERR in the MODE window. 


NOTE 


The MODE window normally reads 
C/A or ENT when the ANS is in the 
C/A mode. Whenever the ANS has 
power restored after a power loss and 
chronometer day and time are not 
available, the ANS will be in the C/A 
mode although the MODE window 
will read I/O and the MAL light will 
be flashing. 


1. DATA switch - TIME. 
2, Julian Day - Enter (PXXX). 


Enter Julian day of year (four digits). 
Entered data appears in SD-6 window. 
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NOTE 


Fill Julian day to correspond with 
GMT. 


3. GMT -Enter (XX hr, XX min, XX sec). 
Entered data appears in SD-1 window. 


4, ENTER switch - Press & release at time 
hack. 


Filled day and time are entered when the 
ENTER switch is released. 


NOTE 
If an error is made in filling day and 
time the routine may be repeated as 
long as the correct number of digits 
and ENTER have been pressed first. 
If the MAL light is flashing in C/A 
and an error is made in filling day 
and time which results in ERR in the 
MODE window, press MAN CLEAR 
and reenter data. 
FILL DAY 
If a chronometer has the correct time but the 
wrong Julian Day, then a FILL DAY routine 
will be required during COARSE ALIGN to 
permit accurate star tracking. 
1. DATA switch - TIME. 
2. Julian Day - Enter (XXX). 


3. ENTER switch - Press. 


FILL MAGNETIC VARIATION 

In any "operate" mode: 

1. DATA switch - HEADING. 

2. Variation - Enter (E/W XXX°XX.X). 


Entered data appears in SD-4 window. 
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3. ENTER switch - Press. 
NOTE 


This routine is only functional if the 
system is in the MAG mode. 


HEADING UPDATE 

In any “operate” MODE: 

1, DATA switch - HEADING, 

2. True Heading - Enter (XXX°XX.X, 
Entered data appears in SD-4 window. 

3. UPDATE switch - Press. 


If this procedure is performed during the 
coarse align mode, entered value of heading 
will be used to initialize system true heading. 
If performed during fine align or any navigate 
mode, entered value will replace existing 
true heading. 


NOTE 


Unless the system is in C/A, the ANS 
will accept a maximum heading 
update change of 28°, For an update 
change greater than 28° the routine 
will have to be repeated until the 
desired heading to be updated is 
within 28° of the system's last known 
heading. 


PRESENT POSITION UPDATE, 
USING REMOTE SOURCE DATA 
(REMOTE UPDATE) 


The maximum allowable correction is 90 nau- 
tical miles. The correction always goes to 
the inertial frame regardless of system mode. 
A dead-reckoned position cannot be updated 
by this procedure. The correction moves the 
inertial frame by the desired amount, i.e., if 
the aircraft is 0.5 nm south of the known 
location, a remote update of N0000.50 should 
be performed. 








In any "operate" mode: 
1. DATA switch - PRES POSITION. 


2 Nor S Correction - Enter (N/S 0OOXX.XX 
nm). 


Entered data appears in SD-1 window. 
Enter (E/W 


3. E or W Correction - 
000XX.XX nm). 


Entered data appears in SD-4 window. 
4. UPDATE switch - Press. 


PRESENT POSITION UPDATE, 

USING ASARS WITH IPD 

MODE: ASTRO INERTIAL, INERTIAL ONLY, 
or AIRSTART; MODE window displays any 
mode except F/A or ENT. 


1, Mode M/A switch - A. 
2 Fix warning - Flashing. 

When imagery stops scrolling: 

3. RUN/HOLD switch - HOLD illuminated. 
4, Radar crosshair - Place over fixpoint. 

5, READ ERR switch - Press. 


Changes ASARS Pointing Information. 


a. Cumulative north or south ANS- 
computed error (sum of all radar 
fixes since NAV update) in nautical 
miles (two digits), and hundredths of 
miles (two digits) appears in SD-1 
window. 


b. Cumulative east or west ANS- 
computed error (sum of all radar 
fixes since NAV update) in nautical 
miles (two digits), and hundredths of 
miles (two digits) appears in SD-4 
window. 


c. Fixpoint north or south ANS- 
computed error in nautical miles 
(two digits), and tenths of miles (one 
digit) appears in SD-2 window. 
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d. Fixpoint east or west ANS- 
computed error in nautical miles 
(two digits), and tenths of miles (one 
digit) appears in SD-5 window. 


Do step 6 or 7: 
6. UPDATE switch - Press. 


Automatically 
position. 


updates ANS present 


7. MAN CLEAR switch - Press. 


Bypasses updating of 
position. 


ANS present 
MEASURE ALTITUDE UPDATE, 

USING ASARS WITH IPD 

MODE: ASTRO INERTIAL, INERTIAL ONLY, 
or AIRSTART; MODE window displays any 
mode except F/A or ENT. 

1, MODE M/A switch - A. 

2. FIX warning - Flashing. 

When imagery stops scrolling: 

3, RUN/HOLD switch - HOLD illuminated. 


4. Radar crosshair - Align with left edge of 
return. 


5. READ ERR switch - Press. 
Changes ANS NAV altitude. 


PRESENT POSITION UPDATE, USING 
VIEWSIGHT 


MODE: ASTRO INERTIAL, INERTIAL ONLY, 
DEAD RECKON, or AIRSTART; MODE win- 
dow displays any mode except F/A or ENT. 


1, FOV switch - Select desired field of 
view. 


2. Viewsight Cursor - Align with fixpoint. 


When fixpoint under nadir: 


3. READ switch - Press. 


—— 
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a. North or south ANS-computed error 
in nautical miles (two digits), and 
hundredths of miles (two digits) ap- 
pears in SD-1 window. 


b. East or west ANS-computed error in 
nautical miles (two digits), and hun- 
dredths of miles (two digits) appears 
in SD-4 window. 


Do step 4 or 5. 


4. 


5. 


UPDATE switch - Press. 


Automatically corrects ANS present po- 
sition, 


MAN CLEAR switch - Press. 


Bypasses updating of ANS present po- 
sition. 


The ANS automatically sequences to the fol- 
lowing FP 17.25 nm past a viewsight FP. 


PRESENT POSITION UPDATE, USING 
TACAN (TAPE FILLED POINT) 


In any “operate” mode: 
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BDHI HDG select switch - INS. 


BDHI No. 
TACAN. 


1 needle select switch - 


Use Display Next FP, 
Selected FP procedure. 


a Display 


TACAN switch - Press. 


Press when TACAN system values have 
been noted on BDHI. All SELECTED 
DATA displays will clear. 


TACAN mag bearing value - Enter 
(xxx, 
Enter TACAN value of magnetic bearing 
from aircraft to station in degrees (three 
digits). Entered data appears in SD-5 
window. 
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6. TACAN slant range value - Enter (XXX 
nm). 

Entered data appears in SD-6 window. 

7. ENTER switch - Press. 

a. SD-1 window displays north or south 
ANS computed error in nm and hun- 
dredths of miles. 

b. SD-4 window displays east or west 
computed error in nm and hun- 
dredths of miles. 

Do step 8 or 9: 
8. UPDATE switch - Press. 

Automatically updates ANS present po- 

sition. 

9. MAN CLEAR switch - Press. 


Bypasses updating of ANS present po- 
sition. 


The ANS automatically sequences to the 
next FP when 17.25 nm past a TACAN 
FP. 


PRESENT POSITION UPDATE, USING 
TACAN (ANYTIME TACAN FP) 


In any “operat 


1. 


2 


3. 


4. 


" mode: 





BDHI HDG select switch - INS. 


BDHI No. 
TACAN. 


1 needle select switch - 


DATA switch - FIX POINT. 


oint Latitude - 
XX°XX.XX). 


Enter (N/S 


Enter N or S and latitude of fixpoint in 
degrees (two digits), minutes (two 
digits), and hundredths of minutes (two 
digits). Entered data appears in SD-1 
window. If any of the sensor operation 
indicator lights are illuminated, they 
extinguish when N or S is pressed. The 


a 








automatic sensors continue to operate 
normally during the add anytime TACAN 
fixpoint routine. 
Fixpoint Longitude - Enter (E/W 
XXXOXX.XX). 

Enter E or W and longitude of fixpoint in 
degrees (three digits), minutes (two 
digits) and hundredths of minutes (two 
digits). Entered data appears in SD4 
window. 


Fixpoint Elevation ~ Enter (XXX). 

Enter elevation of fixpoint in hundreds 
of feet (three digits). Entered data 
appears in SD-3 window. 


Variation - Enter (E/W XX.XX°). 


Enter E or W magnetic variation of 
TACAN station in degrees and tenths of 


degrees of arc as follows: E oF 
WXX.XX° Entered data will appear as 
follows: 


a. E/WinSD-5 window. 


b. Tens, units, and tenths of degrees in 


SD-5 window following E/W. 
Hundredths of degrees is not 
displayed. 

NOTE 


The maximum value of magnetic 
variation which can be entered is 
99.99°. ANYTIME TACAN fixpoints 
cannot be used if actual magnetic 
variation exceeds this value. 


ENTER switch - Press. 


a. SD-2 window displays 
TACAN slant range. 


computed 


ee: hain 


10. TACAN mag bearing value - 


SECTION IV 


b. SD-5 window displays computed 
TACAN bearing. 


9. TACAN switch - Press. 


Press when TACAN system values have 
been noted on BDHI. All SELECTED 
DATA displays will clear. 


Enter 
(xxx, 


Enter TACAN value of magnetic bearing 
from aircraft to station in degrees (three 
digits). Entered data appears in SD-5 
window. 


11. TACAN slant range value - Enter (KXX 


nm). 


Entered data appears in SD-6 window. 


12, ENTER switch - Press. 


a. SD-1 window displays north or south 
ANS computed error in nm and hun- 
dredths of miles. 


b. SD-4 window displays east or west 
ANS computed error in nm and hun- 
dredths of miles. 


Do step 13 or 14: 


13. UPDATE switch - Press. 


Automatically updates ANS present posi- 
tion. 


14, MAN CLEAR switch - Press. 


Bypasses updating of ANS present posi- 
tion, 


The ANS automatically sequences to the 
next FP when 17.25 nm past a TACAN 
FP. 
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RECALL ANYTIME TACAN FIXPOINT 


MODE in any “operate” mode; an ANYTIME 
TACAN FIXPOINT must have been previously 
entered using the TACAN (ANYTIME TACAN 
FP) procedure. If more than one ANYTIME 
TACAN FIXPOINT has been entered, the last 
entered fixpoint will be recalled. Verify that 
the proper TACAN station is selected and 
that the TACAN T/R mode is set. 


1. BDHI HDG select switch - INS. 

2. BODHI No. 1 needle select switch - TACAN. 
3. DATA switch - FIX POINT. 

4. RECALL switch - Press. 


NOTE 


Step 4 will recall the last entered 
ANYTIME TACAN FIXPOINT. If 
there is none, the MODE window 


indicates ERR, 
5. TACAN switch - Press. 


Press when TACAN system values have 
been noted on BDHL All SELECTED 
DATA displays clear. 


6. TACAN mag bearing value - Enter 
(xxx, 
Enter TACAN value of magnetic bearing 
from aircraft to station in degrees (three 
digits). Entered data appears in SD-5 
window. 
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7. TACAN slant range value - Enter (XXX 
nm). 


Entered data appears in SD-6 window. 
8, ENTER switch - Press. 

a. SD-1 window displays north or south 
ANS computed error in nm and hun- 
dredths of miles. 

b. SD-~4 window displays east or west 
computed error in nm and hun- 
dredths of miles. 

Do step 9 or 10: 
9. UPDATE switch - Press. 


Automatically corrects ANS present po- 
sition. 


MAN CLEAR switch - Press. 


Bypasses updating of ANS present po- 
sition. 


The ANS automatically sequences to the 
next FP when 17.25 nm past a TACAN 
FP. 





ome 


PRESENT POSITION UPDATE, USING 
OPPORTUNITY VIEWSIGHT FIXPOINT 


MODE in any “operate” mode; MODE window 
indicates any mode except C/A, F/A, or 
ENT. 
1, Magnification - Set desired field of view. 
2. Viewsight cursor - Align with fixpoint. 
When Fixpoint under nadir: 
3. READ switch - Press. 
a. SD-1 window - Meaningless number. 
b. SD-4 window - Meaningless number. 


4. Fixpoint Latitude - 
XX°XX.XX). 


Enter (N/S 


Entered data appears in SD-1 window. 


5. Fixpojnt Longitude - Enter (E/W 


XXX°XX.XX). 
Entered data appears in SD-4 window. 


6. Fixpoint Elevation - Enter (XXX) in hun- 
dreds of feet. 


Entered data appears in SD-3 window. 
7, ENTER switch - Press. 
a. North or south ANS computed error 
in nautical miles (two digits) and 


hundredths of miles (two digits) ap- 
pears in SD-1 window. 
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SPIN BREE 


b. East or West ANS computed error in 
nautical miles (two digits) and hun- 
dredths of miles (two digits) appears 
in SD-4 window. 


NOTE 


If an error is made when entering 
data (other than entering too many 
digits) press ENTER pushbutton and 
re-enter all data. If MODE window 
displays ERR press MAN CLEAR to 
terminate procedure and bypass 
present position update. 


Do step 8 or 9: 
8. UPDATE switch - Press. 


Automatically updates ANS present po- 
sition. 


9. MAN CLEAR switch - Press. 


Bypasses updating of ANS present po- 


sition. 
TRACK LEG UPDATE 
MODE switch in ASTRO INERTIAL, 


INERTIAL ONLY, DEAD RECKON, or AIR 
START position; MODE window displays any 
mode. 


1. DATA switch - DEST POINT or NOR- 
MAL. 


2. Enter point - ID code (five digits) of 
start DP on desired track leg. Last four 
entered digits appear in SD-6 window, 
(first digit, always zero, replaces letter 
P with D). 


3. UPDATE switch - Press. 
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DIRECT STEER 
In any “operate” mode: 


1. DATA switch - DEST POINT or NOR- 
MAL. 


For direct steer to tape-filled or panel-filled 
DP: 


2. Enter five digit ID code of DP in 
memory (tape-filled or panel-filled). 
Last four entered digits appear in SD-6 
window. 


3. DIR STEER switch - Press. 
For direct steer to new DP: 


4. Enter latitude of new DP in degrees (two 
digits), minutes (two digits), and hun- 
dredths (two digits). Entered data ap- 
pears in SD-1 window. 


5. Enter longitude of new DP in degrees 
(three digits) minutes (two digits), and 
hundredths (two digits). Entered data 
appears in SD-4 window. 


6. DIR STEER switch - Press. 


The ANS automatically proceeds to the next 
great-circle leg if Direct Steer DP is in 
memory. The ANS commands a constant 35 
degree, right wing down turn upon passing a 
new Direct Steer DP, or a DP with no next 
leg. 


SKIP TO DP 
In any “operate” mode: 


1, DATA switch - DEST POINT or NOR- 
MAL, 
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2. Enter five digit ID code of DP to be 
skipped to. Last four digits appear in 
SD-6 window. 


3. SKIP TO switch - Press. 


DELETE FP, CP, AND DP 
(40-LIST) /CLEAR 40 LIST 


This procedure permits deleting points from 
the 40-List (panel-filled Add/Replace points). 
After a point is deleted the vacated space 
may be reused. In any “operate” mode: 


Do steps 1, 2, & 4 for single point deletion. 
Do steps 1, 3, & 4 to clear entire 40-list. 


1, DATA switch - 
POINT, CONT PT. 


DEST POINT, FIX 


2. Enter ID code (five digits) of FP, CP or 
DP to be deleted. All digits appear in 
SD-6 window. 

3. ID CODE 99999 - Enter. 


4, DELETE switch - Press. 


ADD ANYTIME FIXPOINT 


Normally, this procedure is followed closely 
by a Present Position Update procedure, 
using the ASARS or Viewsight. It can only be 
used on the existing leg, as no ID code is 
established for the Anytime Fixpoint. 


In any “operate” mode: 


1. DATA switch - FIX POINT. 


2. Fixpoint Latitude - Enter (N/S 
XX°XX.XX). 
Entered data appears in the SD-1 


window. 








NOTE 


If any of the sensor operation indi- 
cator lights are illuminated, they ex- 
tinguish when N or S is pressed. The 
automatic sensors continue to oper- 
ate normally during the add Anytime 
Fixpoint routine. 

Enter 


3. Fixpoint Longitude - (E/w 


XXX°XX.XX). 
Entered data appears in SD-4 window. 
4. Fixpoint Elevation - Enter (XXX). 


Enter the terrain elevation of the fix- 
point in hundreds of feet (three digits). 
For example, 12,500 feet is entered as 
125. Entered data appears in the SD-3 
window. 


5. ENTER switch - Press. 
NOTE 


The DATA switch may now be used 
to display other than fixpoint data. 
If returned to FIXPOINT and ENTER 
before the fixpoint, anytime fixpoint 
data will be retained and displayed. 
‘The fix may be taken with the DATA 
switch in NORMAL, The sight 
opportunity fix must still be taken on 
the leg during which it was entered. 
Existing FPs will be inhibited until 
the Anytime FP is passed. 





ADD OR REPLACE (NON ASARS) FP, CP, DP 


NOTE 


© For DPs perform steps 1 through 
4, then 9 and 10, 


© For CPs, perform steps 1 
through 5, then 6, 7, 8 and 10. 


e For FPs, perform steps 1 through 
5, and 10. 
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In any "operate" mode: 


lL 


2. 


DATA switch - DEST POINT, FIX 
POINT, or CONT PT. 


Enter ID code (five digits) of FP, CP, or 
DP to be added or replaced. All entered 
digits appear in SD-6 window. 


NOTE 


© OXXXX Point No. displays 
DXXXX, FXXXX, or CXXXX, 
1XXXX Point No. displays 
FIXXXX or C1XXXX. Only 
zero allowed for first digit of 
DP. 


e If a FP is added to be used 
immediately (Add-Anytime FP) 
do not enter an ID code number. 
All other FPs in memory will be 
inhibited until the added FP is 
passed. 


Enter N or S and latitude of added or 
replaced point in degrees (two digits), 
minutes (two digits), and hundredths 
minutes (two digits). Entered data a) 
pears in SD-1 window. 





Enter E or W and longitude of added or 
replaced point in degrees (three digits), 
minutes (two digits), and hundredths 
minutes (two digits). Entered data ap- 
pears in SD-4 window. 


Skip to step 8 if entered point is a DP; 
continue with step 5 if point is CP or FP. 


5. Enter terrain elevation of FP or CP in 
hundreds of feet (three digits). Entered 
data appears in SD-3 window. 

Skip to step 9 for viewsight FPs. Perform 


step 6 for camera CPs. 


6. 


Press RIGHT or LEFT pushbutton and 
enter camera CP code (L/R plus 000). 
Entered data appears in SD-5 window. 


For all CPs enter sensors on-off code 
(three digits). First entered digit is LH 
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TECH camera, second is RH TECH cam- 
era. Enter 0 for off at CP, and 1 for on 
at CP. Corresponding sensor operation 
indicators illuminate to indicate sensor 
selection for the CP. 


If a Fixed-Range-To-Turn is desired: 


8. Enter turn radius of added or replaced 
DP in nm (three digits). Entered data 
appears in SD-3 window. 

9. ENTER switch - Press. 

REPLACE ASARS FP 


In any “operate” mode: 


1 


2 
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DATA switch - FIX POINT. 


Enter ID code (five digits) of FP to be 
replaced. ALL entered digits appear in 
SD-6 window. 


NOTE 


OXXXX Point No. displays FXXXX. 


Enter N or S and latitude of added or 
replaced point in degrees (two digits), 
minutes (two digits), and hundredths 
minutes (two digits). Entered data ap- 
pears in SD-1 window. 


Enter E or W and longitude of added or 
replaced point in degrees (three digits), 
minutes (two digits), and hundredths 
minutes (two digits). Entered data ap- 
pears in SD~4 window. 
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6 


Enter terrain elevation of FP in hundreds 
of feet (three digits). Entered data 
appears in SD-3 window. 


ENTER switch - Press. 


ADD OR REPLACE ASARS CP 


In any "operate" mode: 


1 


2. 


3. 


4. 


6. 


DATA switch - CONT PT. 


Enter ID code (five digits) of CP to be 
added or replaced. All entered digits 
appear in SD-6 window. 


NOTE 
OXXXX Point No, displays CXXXX. 


Enter N or S and latitude of added or 
replaced point in degrees (two digits), 
minutes (two digits), and hundredths 
minutes (two digits). Entered data 
appears in SD-1 window. 


Enter E or W and longitude of added or 
replaced point in degrees (three digits), 
minutes (two digits), and hundredths 
minutes (two digits). Entered data 
appears in SD~4 window. 


CP in 
Entered 


Enter terrain elevation of 
hundreds of feet (three digits). 
data appears in SD-3 window. 


ASARS control point code -Enter 
(ROXXX). Entered data for first 4 digits 
appears in SD-5 window. Digit 5 


indicated by illumination of sensor "L" 
light if value is 1. 





Digit 1: 


Digit 2: 


NOTE: 


Digit 3: 


NOTE: 


Digit 4: 


Digit 5: 





ASARS Control Point CODE 


L = Dual Spot (Not Available) 
R= Normal 

0 = Neither Set 

2 = Rewind 

4 = Down link (Not Available) 
6 = Both Set (Not Available) 


Selection of 4 or 6 will result in no 
ASARS imagery being recorded. 


0 = Fl, Low Resolution (Spot only) 

1 = Fl, High Resolution (Spot 
only) 

F2, Low Resolution (Acquisi- 

tion and Search only) 


z= 


3= F2, High Resolution (Not 
available) 

4 = F3, Low Resolution (Spot only) 

5 = F3, Hi Resolution (Not 
available) 

6 = F4, Low Resolution (Acquis- 


ition and Search only) 
F4, High Resolution 
available) 


(Not 


Extreme care must be exercised in 
selecting resolution and frequency. 
Non available combinations of 
mode (Digit 4) and 
Resolution/Mode may be selected 
resulting in no ASARS activity. 


0 = Standby 

1 = Acquisition 

2 = Search 

4 = Spot 

0 = Turn recorder off after this 
swath 

1 = Leave recorder on after this 
swath 


7. ENTER switch - Press. 


NORMAL DISPLAY 


In any “operate” mode: 
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1. DATA switch - NORMAL. 
2. DISPLAY switch - Press. 


a. SD-1 window displays letter Z and 
GMT in hours (two digits), minutes 
(two digits), and seconds (two dig- 
its). 


b. SD-2 window displays letter T and 
true airspeed in knots (KXXX). 


c. SD-3 window displays letter F or Fl 
and next FP (four digits). 


d. SD~4 window displays R or L and 
cross track error in nautical miles 
(XXX.X). 


e. SD-5 window displays letter G and 
ground speed in knots (KXXX). 


f. SD-6 window displays letter C, C1, 
or A and next CP number (four 
digits). The ENTER/DISPLAY 
switch alternately selects ASARS or 
non-ASARS CP information. 


g- Sensor indication lights illuminate 
when the associated sensor is pro- 
grammed on. 

DISPLAY SELECTED FP, CP, DP 
In any “operate” mode: 


1. DATA switch - DEST POINT, FIX 
POINT, or CONT PT. 


2. Enter ID code (five digits) of desired FP, 
CP, or DP. 


SD-6 window displays all entered digits 
(except first digit). 


3. DISPLAY switch - Press. 


a. SD-1 window displays latitude of 
selected point. 


b. SD-2 window displays letter R and 
slant range to selected point if 


iy Change 1 4-215 


mom CROWN PROGRAM 
7IA-1 


SECTION IV 


£. 


TACAN, great circle range to CP or 
FP, or great circle range to DP. 


SD-3 window displays letter E and 
terrain elevation of selected FP or 
non-ASARS CP, For ASARS CP, 
letter. M and ASARS mode 
information displayed. Sensor "L* 
light on or off also used in 
conjunction with ASARS mode. For 
DP, letter K and turn radius is 
displayed (255 nm max). 


SD-4 window displays longitude of 
selected point. 


SD-5 window displays L or R and 
relative bearing (four digits) to a 
selected CP or DP; or letter B and 
magnetic bearing in degrees (four 
digits), to TACAN FP. 


SD-6 window displays data code of 
selected point. 


L/R TECH and SLR lights illuminate 
to indicate sensor activity at 
selected FP or CP. The SLR light is 
not illuminated during display of 
viewsight fixpoints. 


DISPLAY NEXT NON-ASARS FP, CP, DP 


MODE switch in ASTRO-INERTIAL, INER- 
TIAL ONLY, DEAD RECKON, or AIR START 
position; MODE window displays any mode. 


1. DATA switch - 


DEST POINT, FIX 


POINT, or CONT PT. 


2. DISPLAY switch - Press. 


a. 


b. 


4-216 


SD-1 window displays latitude of 
next FP, CP, or DP. 


SD-2 window displays letter R and 
slant range to TACAN FP, along 
track range for radar or viewsight 
FP or CP and along track range to 
turn start point (TSP) for DP (which 
includes the computed range around 
a closed loop turn). 


Change 1 


f. 


SD-3 window displays letter E and 
terrain elevation of next FP or CP, 
in hundreds of feet. For DP, letter 
K and turn radius is displayed (255 
NM max). 


SD-4 window displays longitude of 
next FP, CP, or DP. 


SD-5 window displays L or R and 
relative bearing in degrees (four 
digits) to next viewsight or radar 
FP, CP, DP, or letter B and mag- 
netic bearing in degrees (four digits) 
to next TACAN FP, 


SD-6 window displays data code of 
next FP, CP, or DP. 


L/R TECH and SLR lights illuminate 
to indicate sensor activity at next 
FP or CP. The SLR light is not 
illuminated during display of view- 
sight fixpoints. 


NOTE 


If there is no next FP or CP on the 
current leg, SD-2 window displays 
zero range and other displayed data 
will be for the preceding FP or CP. 
If there was no preceding FP or CP, 
all SELECTED DATA windows except 
5 display all zeros. The SD-5 window 
displays bearing to zero latitude and 
longitude coordina! 





If DATA switch is in DEST POINT 
and LOOK THRU switch is pressed: 


1) SD-1 window displays latitude of 
DP after next DP. 


2) SD-2 window displays range to 
DP after next DP. 


as 








3) SD-3 window displays turn radius of 
DP after next DP. 


4) SD-4 window displays 
DP after next DP. 


longitude of 


5) SD-5 window displays time to DP 
after next DP (four digits) in 
minutes and tenths. 


6) SD-6 window displays the DP num- 
ber after next DP. If no DP exists 
after next DP, SD-6 window dis- 
plays DOO00 and all other SEL- 
ECTED DATA windows are blank. 


DISPLAY DAY OF YEAR/STAR DATA 
In any "operate" mode: 

1. DATA switch - TIME. 

2. DISPLAY switch - Press. 


a. SD-1 window displays letter Z and 
GMT in hr., min, sec. 


b. SD-2 window displays letter S and 
star number. 


c. SD-3 window displays the scan rate 
code of the star-tracking telescope 
(RI, R2, 3 or RA). 


4. SD-4 window displays letter T and 
time in star search in min, and sec. 


e. SD-5 window displays letter A and 
number of stars acquired. 


f. SD-6 window displays letter D and 
Julian date. 


NOTE 


Julian day Display changes after 2400 
GMT and may read any value from 0 
to 511. Day values greater than 365 
allow next calendar year usage of the 
star catalog in the computer. 
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DISPLAY HEADING 


In any “operate mode": 
1. DATA switch - HEADING. 
2. DISPLAY switch - Press. 


a. SD-1 window displays letter V and 
ground track in degrees (three 
digits), minutes (two digits), and 
tenths of minutes (one digit). 


b. SD-2 window displays letter G and 
computed grid heading in degrees 
and tenths of degrees (four digits). 


c. SD-3 window displays letter C and 
the chart convergence factor (four 
digits) (1.000 max). 


d. SD-4 window displays letter T and 
true heading in degrees (three 
digits), minutes (two digits), and 
tenths of minutes (one digit). 


NOTE 


Displayed true heading is ANS 
inertial data except that INS data is 
used in dead-reckon mode and in 
ground and cold airstart coarse 
alignments until a heading update is 
performed. 


e. SD-5 window displays E/W magnetic 
variation (four digits). 


f. SD-6 window displays letter M and 
magnetic heading (three digits). 
DISPLAY PRESENT POSITION 
MODE switch: ASTRO INERTIAL, INERTIAL 
ONLY, DEAD RECKON, or AIR START; 
MODE window displays any mode. 
1. DATA switch - PRES POSITION. 


2. DISPLAY switch - Press. 
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a. SD-1 window displays N or S lati- 
tude of alternate frame in degrees 
(two digits), minutes (two digits), 
and hundredths of minutes (two dig- 
its). 


b. SD-2 window is blank. 


c. SD-3 window displays letter A and 
ANS altitude (three digits) (flight 
level). 


d. SD-4 window displays E or W longi- 
tude of alternate frame in degrees 
(three digits), minutes (two digits), 
and hundredths of minutes (two dig- 
its). 


e. SD-5 window displays letter S and 
sun angle in degrees and tenths 
(three digits). 


f. SD-6 window is blank. 
PRESENT DISPLAY 


A. PRESENT LATITUDE window displays 
present N/S latitude in degrees and min- 
utes (four digits). 


B. PRESENT LONGITUDE window displays 
present E/W longitude in degrees and 
minutes (five digits). 


NOTE 


Window displays are blank until 
completion of F/A, at which time 


primary coordinates are displayed 
depending on MODE switch position. 


C. WIND DIR window displays present wind 
direction in degrees (three digits). While 
on the ground with ANS operating but 
not calculating, and if wind direction is 
not filled, the WIND DIR counter dis- 
plays 000. 


D. WIND VEL window displays present wind 
velocity in knots (three digits). While on 
the ground with ANS operating but not 
calculating, the WIND VEL counter dis- 
plays 0. 
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TIME-TO-TURN window displays the 
time to turn in hours, minutes, and sec- 
onds (five digits). The TIME-TO-TURN 
window displays 0 until the aircraft 
moves. 


RANGE TO DP (NM) window displays the 
range to the next destination point, 
shown in the NEXT DP window (four 
digits). Until the present position has 
been filled, the RANGE TO DP (NM) 
window will be blank. 


NEXT DP window displays the next des- 
tination point identification number 
(four digits). The first (left) digit is blank 
if the DP is not an added point, or the 
actual ADD NUMBER (1 thru 7) if the 
DP is an added point. Until present 
position has been filled, the NEXT DP 
window will be blank. 


DISPLAY TAPE NUMBERS 


In any "operate" mode: 


1. 


2. 


DATA switch - TEST. 
DISPLAY switch - Press. 


a. SD-1 window displays letter I and 
main program tape number, (six 
digits) representing tape number, 
mod number, and correction 
number. 


b. SD-2 window displays * or A thru Z 
or a thrue and mission tape number 
(three digits). 


¢. SD-3 window displays letter G and 
general instrument constants tape 
number (three digits). 

4. SD-4 window is blank. 


e. SD-5 window displays letter S and 
star catalog type as follows: 


SYY1 - Normal (worldwide) 

SYY2 - Trainer 

Where YY=last two digits of the 
year. 








f. SD-6 window displays letter T (test) 
and 0, 


ANS MALFUNCTION PROCEDURES 


The ANS provides warning indications of 
some malfunctions or conditions external to 
the ANS that could lead to an ANS malfunc- 
tion, All malfunctions are not detected, so 
the crew should not depend entirely on warn- 
ing indications. 


Temperature Limit/Tolerance Indicator 


The LIMIT portion of the indicator is unlight- 
ed when temperatures within the ANS are 
normal. The red LIMIT can illuminate either 
steady or flashing. A steady light indicates 
that the temperature of the astroinertial 
instrument housing or the cooling air at the 
computer inlet is above nominal limits. 
Steady illumination after initial turn-on is 
caused by system over-temperature. A flash- 
ing light indicates that ANS cooling airflow is 
less then 2.5 pounds per minute. To prevent 
damage, turn the ANS off when the tempera- 
ture LIMIT indicator comes on. 


When the LIMIT light illuminates, the RSO's 
annunciator panel ANS FAIL light, and the 
pilot's annunciator panel ANS REF caution 
light illuminate. 


When the TEMP TOLR light is unlighted, the 
platform temperature is in the range for 
optimum system performance. The amber 
TOLR light illuminates either steady or 
flashing. Steady illumination signifies that 
platform temperature is below normal A 
flashing light signifies that temperature is 
above normal, 
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Figure 4-18 lists ANS temperature warning 
indications, conditions and recommended 
actions. 


TEMP LIMIT Light Iluminates 
1, Check ECS system. 
If L or R air system failed: 
a. Complete L or R Air System Out 
procedure. 
If L of R air system off for landing: 
b. Check cockpit air off (forward). 
If TEMP LIMIT light remains illuminated: 
2. ATT REF switch - INS. 


T3. 


© 
® 


DISPLAY MODE SEL switch - Other 
than ANS. 


BDHI HDG SELECT switch - INS. 
MODE switch - OFF. 








If the TEMP LIMIT light cannot be 
extinguished, turn the MODE switch 
OFF to avoid damage to the ANS. 


TEMP TOLR Light Mluminates in Flight 


Make as many position checks as practical 
since navigation accuracy may degrade in a 
TEMP TOLR condition. Be alert for a pos- 
sible TEMP LIMIT light. 
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NOTE 


If the TEMP TOLR light illuminates 
in flight, do not turn the ANS off 
unless the TEMP LIMIT light 
illuminates. 


Malfunction Indicator (MAL Light) 


The MODE window usually indicates action to 
be taken when the MAL light is flashing. 
Several of the conditions for a MAL light are 
synonymous with conditions for nav-not- 
ready indications described under the 
Warning Indication section. Figure 4-19 lists 
general ANS malfunction and nav-not-ready 
conditions. 


NOTE 


When the MAL light illuminates, the 
RSO's annunciator panel ANS FAIL 
light, and the pilot's annunciator 
panel ANS REF caution light 
illuminate. 


Power Dropout 


A decrease of the ANS ac supply voltage to 
less than 103 volts per phase causes the 
computer to stop operating regardless of 
mode. Voltage drop can be caused by a 
primary power transient, opening of the ANS 
3-phase essential ac or essential de circuit 
breaker(s), or turning the MODE switch to 
OFF or WARM UP. When power returns, the 
computer determines power dropout duration 
by comparing chronometer day and time with 
the day and time stored in memory at power 
loss. 


If the power dropout is less than one second, 
operation resumes as though nothing occurred 
except star tracking is suspended for 70- 
seconds. 


If the power dropout is greater than one 
second, the system returns to C/A, the MAL 
light illuminates, the MODE window indicates 
C/A, and all display counters clear. If the 
RSO presses the HOT switch, the system 
proceeds with an automatic restart (hot 
airstart or ground hot start). If, instead, the 
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RSO selects AIRSTART with the MODE 
switch and presses the MODE START switch, 
the system starts a COLD airstart. Refer to 
COLD Airstart Alignment, this section. 


NOTE 


e If the system is HOT started and then 
a COLD airstart is desired, return 
the MODE switch to OFF. If the 
MODE START switch is pressed in 
any MODE other than AIRSTART, 
the system must be turned off to 
initiate a COLD airstart. 


After a power dropout, pressing 
MODE START on the ground with the 
MAL light flashing (initiating a 
ground alignment) erases the 40-List. 
Anytime a rapid or a gyro-compass 
ground alignment is performed, 40- 
List data must be reentered. 40-List 
data is not deleted if HOT is pressed 
with the MAL light flashing or if a 
cold or hot airstart is performed. 
Therefore, 40-List data is retained 
for a ground hot start, cold airstart, 
or a hot airstart. Pressing the MODE 
START switch with a steady MAL 
light has no effect on the 40-List. 


Complete loss of ac or dc power to 
the guidance group will cause all ANS 
NCD panel lights and windows to 
extinguish/go blank. 


Chronometer Failure 


The system checks the chronometer day and 
time inputs when the MODE switch is turned 
to an “operate” mode and after a power 
dropout. If the chronometer inputs are not 
present, a chronometer failure has occurred. 
This is indicated by a flashing MAL light, 
clearing of the present position display, and 
I/O in the MODE window. The system will 


return to a coarse align condition. The MAL 


light will not clear without corrective action. 
On the ground, 


the alternatives are to 





— 


ANS TEMPERATURE WARNINGS 


INDICATOR STATE ANS CONDITION 


Within safe limits. 
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Air inlet housing or cooling Turn MODE switch OFF. 
air at computer inlet above 


design limits. 


Cooling air flow less than 


2.5 Ib/min. Turn MODE switch OFF, 


Within tolerance for optimum 


accuracy. 


Platform temp below normal. 


Platform temp above normal. 





Check ANS accuracy. 


Be alert for TEMP LIMIT. 
Check ANS accuracy. 
Keep rpm up if warning 
on due to hot fuel in 
flight. 


Figure 4-60 


replace the chronometer, perform the fill 
Day and Time routine, or to select INERTIAL 
ONLY. A Hot Airstart may be possible after 
a chronometer failure if the Fill Day and 
Time procedure is used. 


Incorrect chronometer day or time does not 
result in a chronometer malfunction, only 
incorrect inputs. With a chronometer failure, 
in the event of any power dropout (even less 
than one second), the MAL light will 
illuminate since the system cannot determine 
dropout duration. 


NOTE 


Ig the chronometer fails after the 
ANS is in ASTRO INERTIAL, the 
failure will not be apparent unless 
the ANS must be restarted. The ANS 
only interrogates the chronometer 
when it is initially activated. 





Star Tracker Failure (During Ground Alignment) 


Forty five seconds after initiation of C/A 
(for rapid and gyrocompassing ground 
alignments) the star tracker searches for the 
artificial star within the astroinertial 
instrument. 


If the artificial star is tracked, the star light 
on the ANS NCD panel flashes until the 
system enters F/A. If the artificial star is 
not acquired and the alignment was initiated 
by pressing MODE START or RAPID, the 
MAL light flashes at the end of C/A and the 
MODE window indicates I/O. If the MAN 
CLEAR switch is pressed, the MAL light 
extinguishes and the MODE window will 
change to F/A. The alignment in progress 
Proceeds normally. Since the most common 
cause of this malfunction indication is a 
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ANS WARNING INDICATIONS 


PROBLEM CAUSE 


‘AUTO PILOT 
DISENGAGE 

Y Adi verticat 
STEERING BAR 
FUG IN VIEW 


SPEED EXCESSIVE, OR 
PLATFORM SELF TEST FAIL 
ci 


INTERNAL STAR MISSED 
TRACI 


YS 
AND (1) 














G) Internal star only tracked trom 
Squares are shaded approximately one minute into 


where warning is given. P COARSE ALIGN unt end of 
Squares are clear chcoriphaasivessd COARSE ALIGN 


where no warning given 2) Coarse alignment is starting, 
ground or air start required (4) _ Platform self test failure 
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burned out artifical star bulb rather than an 


actual tracker malfunction, an attempt 
should be made to track stars. If stars 
cannot be tracked, the ANS should be 
operated in INERTIAL ONLY. Other 


alternatives are to repeat the alignment or 
replace the guidance group and realign. 
There is no star tracker malfunction 
indication in flight. 


Platform Failure 


During F/A or A-l, the system checks ground- 
speed and horizontal speed perpendicular to 
keel line; if this speed is greater than 2150 
and 300 knots, respectively, the MAL light 
flashes, the MODE window indicates D/R, 
and the nav-not-ready warning legends and 
flags are activated. This malfunction cannot 
be cleared unless DEAD RECKON is selected 
or the measured speed drops below the pre- 
scribed limits. This test will not rapidly 
detect all platform failures. To get an early 
indication of ANS or INS failure, the RSO 
should compare true airspeed with ground 
speed and INS pitch and roll with ANS pitch 
and roll throughout the flight; especially in 
IFR conditions. 


NOTE 


© The ANS failure indications may not 
be energized for several minutes if 
the platform fails while subsonic. 


@ If DEAD RECKON is selected for 
training, there is no MAL light 
warning in case of platform failure; 
the only indications are the nav-not- 
ready warnings on other cockpit 
indicators and annunciator panels. 


Platform Self-Test Failure (Platform Disable) 


During all modes of operation, the platform 
BIT (BUILT-IN-TEST) monitors circuit para- 
meters which may indicate saturation of the 
platform servo loops. If saturation is 
detected, the loops are disabled momentarily. 
Re-establishment is attempted every five 
seconds until successful. 
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If a platform disable occurs, the MAL light 
flashes, the RSO's ANS FAIL annunciator 
light illuminates, and the pilot's ANS REF 
annunciator caution light illuminates. If the 
pilot has ANS platform selected, the 
autopilot disengages, an OFF flag appears in 
the ADI, the ANR warning illuminates 
(flashing red DAFICS PREFLIGHT BIT FAIL 
light) and the PVD is inhibited. If the RSO 
has ANS platform selected, an OFF flag 
appears in the attitude indicator. All ANS 
displays change to DEAD RECKON updating, 
"A" star tracking is commanded, and airspeed 
damping is increased. 


There is a good probability that the platform 
will recover, and ANS performance should be 
approximately equivalent to that of a Hot 
Airstart. To engage the system and remove 
the NAV-NOT-READY flags, the RSO must 
place the MODE switch to DEAD RECKON, 
press the MODE START switch, then place 
the MODE switch to ASTRO INERTIAL or 
INERTIAL ONLY position, and press the 
MODE START switch again. 


Computer Failure 


The MAL light illumination circuitry is such 
that the computer must supply a periodic 
signal to keep the MAL light out. If a 
computer failure occurs which prevents 
proper sequencing of the computer program, 
the MAL light does not receive the periodic 
signal and illuminates. In general, no MODE 
window indication is provided, since the 
computer is no longer operating; however, 
the computer could cause random control 
panel display changes while coming to a stop. 
No RSO operation will extinguish the MAL 
light, once on, except possibly moving the 
MODE switch to OFF and restarting. In most 
cases, the ANS will be unusable until the 
computer is replaced. 


‘Yaw Encoding Failure 


If the ANS computer self test routine detects 
a failure in the Yaw Gimbal Angle encoding 
function, the NCD panel Mode window 
changes to ENC, the MAL light flashes, and 
the synthesized heading back-up mode acti- 
vates. Pressing MAN CLEAR extinguishes 
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the flashing MAL light and removes the ENC 
indication but does not remove the malfunc- 
tion. "Synthesized heading" is true ground 
track and is output to the HSI and BDHI 
compass cards and NCD panel as true 
heading. Aircraft drift/sideslip results in 
true heading error. ANS navigation 
capability is not affected by this failure, nor 
are auto-nav operation, normal ANS displays 
or panel routines. INS magnetic heading 
displayed on the NCD panel is not affected. 
ASARS and other sensor systems are not 
affected. 


Mission Tape Destination Point Error 


If the aircraft is at index (turn start) and a 
destination point is specified which does not 
exist in the mission tape, the next destination 
point in the normal mission tape sequence is 
assumed and the aircraft is automatically 
directed to that point. The MODE window 
displays DP * and the SELECTED DATA 
windows flash their contents at a one and a 
half second rate. MAN CLEAR and DISPLAY 
must be pressed to restore normal NCD panel 
operation and to verify correct navigation. If 
not on the correct track, DIR STEER or 
Track Leg Update as required. 


Warning Indications 


The ANS uses a variety of cockpit warnings. 
Figure 4-19 lists these displays. In some 
cases, these displays alert the RSO to prob- 
lems that may affect eventual mission suc- 
cess. In other cases, however, these display 
indicators warn the crew that ANS outputs 
are inaccurate and/or unsafe. NAV-NOT- 
READY indicators must_be recognized and 
responded to instinctively by the flight crew. 


The ANS warnings are: 


1, MAL, TEMP LIMIT, and TEMP TOLR 
warnings are on the NCD panel. 


2. The RSO's ANS FAIL annunciator panel 
light and the pilot's ANS REF annunci- 
ator caution light illuminate when a 
MAL or TEMP LIMIT light illuminates on 
the NCD panel or if there is a loss of ac 
or dc power. 
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3. A nav-ready output is provided by the 
ANS to: 


a. ADI vertical steering bar flag when 
the pilot's display mode select 
switch is in ANS. 


b. ADI power-off flag when the pilot's 
attitude reference select switch is 
in ANS. 


c. RSO attitude indicator power-off 
flag when the RSO's attitude refer- 
ence select switch is in ANS. 


d. DAFICS when the pilot's attitude 
reference select switch is in ANS. 
The autopilot will disengage, the 
ANR light illuminates (flashing 
DAFICS PREFLIGHT BIT red FAIL 
light), and the PVD is inhibited if 
the NAV-READY signal is not pres- 
ent. 


e. ANS REF caution light on the pilot's 
annunciator panel. 


f. ANS FAIL light on the RSO's annun- 
ciator panel. 


With ANS reference selected, the warning 
shutters and flags are withdrawn from view, 
the autopilot can be engaged, and the caution 
lights are extinguished when the nav-ready 
signal path exists. 


Nav-Not-Ready Indications 


The ANS REF and ANS FAIL lights illumin- 
ate, the warning flags appear, the autopilot 
disengages, the ANR light illuminates and the 
PVD is inhibited when the nav-ready output is 
in the not-ready state. The conditions for a 
nay-not-ready signal are: 


1, MODE switch in OFF or WARM UP. 

2. MODE window displays C/A or ENT. 

3. AC or DC power to the ANS is inter- 
rupted for more than 1 second. An 


interruption of less than 1 second may 
cause a momentary not-ready output. 


—--~~ 





4. Platform failure. 


5. Computer failure. 
Attitude Outputs 


The source of ANS attitude information is 
the inertial platform. Resolvers on the plat- 
form gimbals provide: pitch and roll to the 
attitude indicators and the PVD; yaw, pitch 
and roll to the ANS digital computer; and 
heading, yaw, pitch and roll to DAFICS. 


The analog-to-analog follow-up servos are 
not rate limited and can follow aircraft atti- 
tude changes at rates above 60 degrees per 
second. These servos do not automatically 
stop during a power transient; however, re- 
sponse does decrease and the servos freeze 
when ac voltage drops to approximately 60 
volts. Failures of these follow-up servos 
could cause frozen attitude displays (in- 
cluding inputs to DAFICS), rapidly changing 
attitude values, or gradually increasing atti- 
tude errors. This is particularly dangerous at 
night or in IFR conditions, especially if the 
pilot's attitude reference select switch is in 
ANS and the autopilot is engaged. An ANR 
light (flashing DAFICS PREFLIGHT BIT red 
FAIL light) could indicate that the selected 
attitude reference is erroneous. Monitor 
other attitude references (INS platform and 
pilot's standby attitude indicator) to detect 
ANS attitude errors as soon as possible. 


MAL Light ing Ground 
Operation 


It is normal for the MAL light to flash when 
the MODE switch is moved from OFF or 
WARM UP to ALIGN, ASTRO INERTIAL, or 
INERTIAL ONLY. The MODE window reads 
C/A if the system has a DAY and TIME, or 
1/O if a DAY and TIME are not available 
from the chronometer. The MAL light will 
go out after DAY and TIME are filled, MODE 
START is pressed and MAN CLEAR is 
pressed. 


If the MAL light flashes during any ground 
operation after either MODE START or 
RAPID is pressed to start an alignment, 
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observe the MODE window and SELECTED 
DATA (SD) windows. 


1. If the MODE window display has not 
changed and the SD windows are frozen, 
a computer malfunction has occurred. 
Tum the MODE switch to OFF and 
restart the alignment. If the 
malfunction repeats, replace the ANS 
guidance group. 


2. If the MODE window has changed to C/A 
and the SD windows are cleared, a power 
dropout in excess of 1 second has occur- 
red. If a GROUND HOT START is 
desired, complete the GROUND HOT 
START checklist. If a GROUND HOT 
START is not desired, turn the MODE 
switch to OFF and perform another 
ground alignment. 


3. If the mode window has changed to ENC 
and the SD true heading is in question, 
the yaw encoding has malfunctioned. 
“Synthesized heading" (true ground track 
output to the HSI and BDHI compass 
cards and NCD panel) cannot be accur- 
ately calculated when not moving. 
Pressing MAN clear extinguishes the 
flashing MAL light and removes the ENC 
indication but does not remove the 
malfunction, Replace the ANS guidance 
group. Refer to YAW Encoding Failure 
this section. 


4. If the MODE window has changed to 1/O 
and the SD windows are not affected, 
the platform collimator light (artificial 
star) has not been tracked. This is most 
likely due to the platform collimator 
bulb being burned out. Otherwise it is a 
tracker malfunction. This malfunction 
only occurs at the end of C/A or ENT. If 
the ANS guidance group cannot be 
replaced, press the MAN CLEAR switch 
to extinguish the MAL light. The MODE 
window will initialize normally. 
Attempt to track stars in ASTRO IN- 
ERTIAL. If stars cannot be tracked, fly 
in INERTIAL ONLY. 
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5. If the MODE window has changed to I/O 
and the SD windows are cleared, a power 
dropout with no DAY and/or TIME avail- 
able from the chronometer is indicated. 
This would also happen if no chrono- 
meter were available. Turn the MODE 
switch to OFF, replace the chronometer, 
and perform another alignment. If a 
chronometer is not available: 


a. If a correct DAY and TIME are 
available, insure MODE switch is set 
to desired type alignment, fill day 
and time, press MODE START or 
RAPID and continue with GROUND 
ALIGNMENT checklist. 


b. If correct DAY and TIME are not 
available insure MODE switch is set 
to desired type alignment, and press 
MODE START or RAPID. If RAPID 
was selected, then turn the MODE 
switch to INERTIAL ONLY and 
MODE START. This extinguishes 
the flashing MAL light and a RAPID 
alignment will continue. Perform 
the Ground Alignment Correct pro- 
cedure if desired. 


NOTE 


The first MODE START or RAPID 
start selects the type alignment. But 
INERTIAL ONLY has to be MODE 
started to clear the flashing MAL 
Light if DAY and/or TIME are not 
available, either from the chrono- 
meter or fill routine. 


6. If the MODE window has changed to 
D/R, a platform failure or platform dis- 
able is indicated. Confirm by pressing 
MAN CLEAR switch while observing the 
MODE window and the MAL Light. 


a. If the MODE window then changes 
to A-I or I/O, and the MAL light 
goes off, a platform failure is indi- 
cated. The SD windows will not be 
affected. If the ANS guidance 


group can be replaced, tum the 
MODE switch to OFF, replace the 
If the group 


group and realign. 
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cannot be replaced, select DEAD 
RECKON with the MODE switch, 
and complete DEAD RECKON 
MODE checklist. 


NOTE 


The MODE window change and MAL 
light extinguishing could be momen- 
tary. The light will go out when the 
window reverts to A-I or I/O. The 
window may eventually revert back 
to D/R with a flashing MAL light. 


b. If the MODE window remains D/R 
and the MAL light goes out, a plat- 
form disable is indicated. The 
counters will be referenced to the 
DEAD RECKON frame. Select 
DEAD RECKON with the MODE 
switch and press MODE START. 
Then select ASTRO INERTIAL or 
INERTIAL ONLY and press MODE 
START again. The NAV-READY 
functions will now resume and the 
system will operate normally. 


MAL bh it 


It is normal for the MAL light to flash when 
the MODE switch is moved from OFF or 
WARMUP to ASTRO INERTIAL, INERTIAL 
ONLY, or AIR START. The MODE window 
will read C/A if the system has a day and 
time or I/O if a day and time are not 
available from the chronometer. The MAL 
light will go out after DAY and TIME are 
filled, MODE START is pressed and MAN 
CLEAR is pressed. 


If the MAL light flashes during airborne 
operation, observe the MODE window and 
SELECTED DATA windows. 


1. If the MODE window display has not 
changed and the SD windows are frozen, 
a computer malfunction has occurred. 
Turn the MODE switch to OFF and at- 
tempt a COLD AIRSTART. 


2. If the MODE window has changed to C/A 
and the SD windows are cleared, a power 
dropout in excess of 1 second has 
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occurred. Attempt a HOT AIRSTART 
procedure. Otherwise press MAN 
CLEAR, select DEAD RECKON with the 
MODE switch, and complete DEAD 
RECKON mode checklist. A COLD AIR- 
START may then be performed. The 
COLD AIRSTART is also necessary if 
the HOT AIRSTART is unsuccessful. 


If the mode window has changed to ENC 
and the SD windows are not affected, 
the yaw encoding has malfunctioned. 
"Synthesized heading" (true ground 
track) is output to the HSI and BDHI 
compass cards and NCD panel as true 
heading. Pressing MAN clear extin- 
guishes the flashing MAL light and re- 
moves the ENC indication but does not 
remove the malfunction. Refer to Yaw 
Encoding Failure this section. 


If the MODE window has changed to 1/O 
and the SD windows are cleared, a power 
dropout with no day and/or time avail- 
able from the chronometer is indicated. 
Turn the MODE switch OFF and perform 
a COLD AIRSTART. If DEAD RECKON 
mode is preferable to a COLD AIR- 
START, press MAN CLEAR to initialize 
the system. Select INERTIAL ONLY and 
MODE START to extinguish the flashing 
MAL Light. Then select DEAD RECK- 
ON and complete the DEAD RECKON 
checklist. 


NOTE 


The initial position error will prob- 
ably be very large due to no time 
reference when the system is initial- 
ized after pressing MAN CLEAR. 
Fill present position or update by 
fixing. 


If the MODE window has changed to 
D/R, a platform failure or platform dis- 
able is indicated. Confirm by pressing 
the MAN CLEAR switch, while observing 
the MODE window and the MAL light. 
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a. If the MODE window then changes 
to A-I or I/O and the MAL light goes 
off, a platform failure is indicated. 
To confirm platform failure, check 
ANS attitude, heading, and ground- 
speed displays. The SD windows will 
not be affected. Turn the MODE 
switch to DEAD RECKON and com- 
plete the DEAD RECKON mode 
checklist, or turn the MODE switch 
to OFF and attempt a COLD AIR- 
START. 


NOTE 


The MODE window change and MAL 
light extinguishing may be momen- 
tary in the event of a platform fail- 
ure. The light will go out when the 
MODE window reverts to A-I or 1/0, 
But the window will eventually revert 
back to D/R and the MAL light will 
flash again. 


b. If the MODE window remains D/R 
and the MAL light goes out, a plat- 
form disable is indicated. The SD 
displays will be referenced to the 
DEAD RECKON frame. Select 
DEAD RECKON with the MODE 
switch and press MODE START. 
Then select either ASTRO INER- 
TIAL or INERTIAL ONLY with the 
MODE switch and press MODE 
START again. The NAV-READY 
functions will now resume and the 
system will operate normally. 


All NCD Panel Windows Blank 





If all NCD panel lights and windows go blank 
it indicates loss of ac or dc power to the 
ANS. Check the ANS essential dc and ANS 3 
phase ac circuit breakers and the position of 
the MODE switch. When power is restored, 
as indicated by the MAL light flashing, follow 
the procedures listed under Flashing MAL 
Light During Ground Operation or Flashing 
MAL Light In Flight. 
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INTRODUCTION 

This section provides operating limits and 
restrictions for normal operation of the 
SR-71A and SR-71B. 

MINIMUM CREW 


‘The aircraft may be flown solo. 


INSTRUMENT MARKINGS 


The instrument markings shown in Figure 5-1 
are not necessarily repeated elsewhere in this 
section. 


Airspeed-Mach Meter 


The limit hand of the airspeed-mach meter is 
set to indicate 460 KIAS at sea level, 





FUEL 


The only approved fuel is JP-7. 
EMERGENCY FUELS 


Any fuel other than JP-7 (such as JP-~4, JP-5, 
or JP-8) is considered an emergency fuel and 
may be used only when refueling must be 
accomplished to avoid loss of the aircraft. 
Operation with emergency fuels is restricted 
to speeds below Mach 1.5. Rate of climb is 
not restricted. If fuels other than JP-7 are 
used, record it as a discrepancy in AFTO 
Form 781. 


ENGINE OPERATING LIMITS 





IN-FLIGHT SHUTDOWN 


After any in-flight shutdown, a report must 
be made if the fuel shut-off valve was 
operated and/or if windmilling speeds less 
than 3400 rpm were experienced. 
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While in-flight, intentional engine shutdown 
is not permitted during normal operation 
unless specifically authorized. 


EXHAUST GAS TEMPERATURE (EGT) 


The nominal operating bands, limits for con- 
tinuous operation, and emergency operating 
zones are a function of compressor inlet 
temperature (CIT) as shown in Figure 5-2. 
Ground ation 

The EGT limit for starting and for all ground 
operations with the RPM at or below idle is 
565°C, 


Start 


Shut down the engine if EGT exceeds 565°C 
during start. If EGT exceeds 565° but is less 
than 649°C record in the AFTO Form 781 the 
number of excursions and peak EGTs. The 
engine is limited to five excursions between 
565°C and 649°C before it must be removed 
and inspected. 


If EGT exceeds 649°C during engine start, do 
not attempt additional starts; an engine in- 
spection must be made. 


Engine Surge 


If an engine surges (compressor stalls) during 
pretakeoff trimming, downtrim to eliminate 
the surge, but do not trim lower than 60°C 
below the desired trim point for the ambient 
temperature. After takeoff, engines down- 
trimmed for surge protection should be up- 
trimmed to 775°C EGT when CIT has reached 
0°C if automatic EGT trimming is not em- 
ployed. 


NOTE 


When EGT is not above the nominal 
operating band, Figure 5-2, surging is 
only a problem during ground oper- 
ations. 
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ANGLE OF ATTACK INDICATOR 


LIMIT VALUE DENOTED BY EDGE OF RED 
LINE SO THAT INDICATION WITHIN MARKED 


RED RANGE EXCEEDS LIMIT VALUE 200-2041) 


Figure 5-1 (Sheet 1 of 2) 
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INSTRUMENT MARKINGS 
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Figure 5-1 (Sheet 2 of 2) 
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Emer; ation 

Report EGT's experienced and the time in- 
volved any time EGT in or above the emer- 
gency operating zone is experienced (EGT 
above 830°C below 40°C CIT; EGT above 
805°C above 40°C CIT), as a special post 
flight inspection is required. 


Continuous or accumulated operating time in 
the emergency EGT operating zone for more 
than 15 minutes may require engine removal. 
No more than one hour may be accumulated 
with EGT in excess of the normal limit 
schedules. 


EGT must be reduced immediately if an 
emergency limit temperature is exceeded. 





Shutdown the affected engine for 
EGT: 


© Above emergency EGT limit 
(845° C above 40°C CIT; 
865°C below 40°C CIT) and 
below 900°C for 2 minutes. 


© between 900°C and 950°C 
for 15 seconds. 


© over 950°C for 3 seconds. 





At low CIT, EGT above the nominal 
trim band may cause engine surge 
(compressor stall). 


COMPRESSOR INLET TEMPERATURE (CIT) 
With both inlet guide vanes (IGVs) cambered, 
the maximum allowable compressor inlet 


temperature is 427°C. 


With an IGV in axial (IGV light illuminated), 
150°C must not be exceeded, and continued 
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operation with CIT above 125°C is not per- 
mitted (approximately Mach 2.0). 


ENGINE SPEED (RPM) 


Engine speed should not exceed the higher 
value shown by Figure 5-2 for the nominal 
operating band. Report engine speeds above 
7450 rpm below 300°C CIT, and 7300 rpm 
above 300°C CIT as an engine overspeed. 
Include maximum rpm attained, CIT, and 
accumulated time above the limit. 


The allowable rpm fluctuation is +1%. 
OIL PRESSURE 


35 psi is the minimum oil pressure permitted 
at idle rpm. Oil pressure below 35 psi is 
unsafe and requires that a landing be made as 
soon as possible using the minimum thrust 
required to sustain flight. The engine may 
have to be shut down. 


In-flight oil pressures between 35 and 40 psi 
are undesirable but acceptable. 


The normal pressure is 40 to 55 psi while rpm 
is in the nominal operating band. Gradually 
increasing oil pressure up to 60 psi is accept- 
able at high Mach provided the indication 
returns to normal values after deceleration 
to subsonic speeds. 


The allowable oil pressure fluctuation is +3 
psi. 


EXHAUST NOZZLE POSITION (ENP) 


Random ENP fluctuations of +4% are accept- 
able in-flight (if rpm is within limits). Cyclic 
ENP fluctuations should be reported. 


MAXIMUM WEIGHT 


The maximum gross weight for takeoff and 
landing is not limited; however, when 
feasible, routine full-stop landings should be 
made with no more than 10,000 pounds of 
fuel. The maximum fuel load recommended 
for touch-and-go landings is 25,000 pounds 
remaining. 
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The maximum gross weight capability for 
single-engine flight is presented in Part II of 
the Appendix. 


LOAD FACTOR LIMITS 


Limit load factors are shown by Figure 5-5. 
The diagrams presented for symmetrical 
flight are also applicable to entry into turns 
with normal bank angles. Allowable load 
factors applicable to rolling flight (abrupt 
maneuvers as a result of rapid control dis- 
placement) are especially identified and have 
a minimum limit of 1 g. Specific limits are 
shown for flight at Mach 3.2, 2.6, and at 
Mach 2.0 or less and for subsonic cruise and 
transonic penetration at forward c.g. Limit 
speeds and load factors applicable to opera- 
tion at intermediate speeds above Mach 2.0 
are obtained from sheets 4 and 5 of Figure 
5-5. 


The following rule of thumb may be used for 
operational limit load factors for symmetri- 
cal flight: 


Mn 2.0 or less: 


65,000 to 124,000 Ib 

124,000 to 143,000 Ib 

80,000 to 90,000 Ib 
below 50,000 ft 
above 50,000 ft 


Mn 2.0 to 2.6 


all weights -.1 to 2.0 g 
Mn 2.6 to 3.2 
all weights 1 to 15g 


FLIGHT ENVELOPE LIMITS 


Refer to Figures 5-3 and 5-4 for summarized 
Mach, airspeed, angle of attack, altitude and 
bank angle limits and restrictions. Refer to 
Center of Gravity Limits, this section, for 
speed limits with c.g. forward of 17%. 
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MAXIMUM MACH 


Mach 3.2 is the design Mach number. Mach 
3.17 is the maximum scheduled cruise speed 
recommended for normal operations. How- 
ever, when authorized by the Commander, 
speeds up to Mach 3.3 may be flown if the 
limit CIT of 427°C is not exceeded. 





Mach excursions when using Mach 
Hold may be severe during turns or 
while flying through ~—rrapid 
temperature changes at altitude. 
Use the basic pitch autopilot instead 
of Mach Hold if speed and altitude 
excursions are excessive. 


Without Inert Tank Atmosphere 


Mach 2.6 is the maximum speed without an 
inert atmosphere in the fuel tanks. To 
achieve an inert atmosphere in the tanks, 
LN, must be available and fueling to the 
grotind shutoff level must be accomplished 
prior to flight or aerial refueling must be 
accomplished to a minimum level of 
65,000 Ib. 


During descent from flight above Mach 2.6 
with fuel tank pressurization failure, 250 
KEAS minimum airspeed is permissible during 
subsonic loiter between FL 400 and FL 350. 


AIRSPEED 





Monitor flight instruments during 
autopilot operation, Assure that 
speed does not exceed the normal 
operating envelope. 


Refer to Figure 5-3. The minimum airspeed 
restrictions are 310 KEAS when supersonic, 
300 KEAS when subsonic above FL 250, and 
145 KIAS below FL 250 unless angle of attack 
limits would be exceeded. 
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MACH NUMBER VS AMBIENT 
TEMPERATURE FOR 427°C C.LT. 
_— 
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Figure 5-4 
ANGLE OF ATTACK 


The maximum angle of attack limit is the 
stick shaker boundary or the following 
(whichever occurs first): 


6° with manual inlet above 70,000 feet. 
8° supersonic 

10° subsonic, above FL 250. 

14° below FL 250. 


Angle of attack limits are valid only if air- 
speed and c.g. limits specified in this section 
are observed. 


With a normally operating automatic pitch 
warning system, do not position the APW 
(pusher/shaker) switch to OFF. 


If either the stick shaker or pusher/shaker 
warning is activated, reduce angle of attack 
immediately. Operation in flight conditions 
such that the shaker warning is on contin- 
uously is not permitted. The pitch boundary 
indicator (PBI) should be cross-checked with 
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the angle of attack when operating near the 
angle of attack limits or PBI shaker 
boundary. 





Avoidance of the stick shaker or 
pusher/shaker warning boundaries 
does not, by itself, assure that load 
factor or angle of attack limits will 


be observed. 
ALTITUDE 
The maximum altitude limit is 85,000 feet 
unless higher altitude is specifically 
authorized. 


Do not exceed 80,000 feet with an inlet in 
manual operation. 


Do not exceed 75,000 feet with either fuel 
derichment system inoperative. 


HIGH ALTITUDE TURNS 


Flight at or above the Maximum Altitude 
Cruise profile (for the existing Mach, gross 
weight, and ambient temperature) is 
restricted to nonturning flight. A descent of 
approximately 2000 feet below the Maximum 
Altitude Cruise profile fice. to the 
Intermediate Altitude Cruise Profile) prior to 
turn entry is recommended. Refer to 
Maximum Afterburner Ceiling Profile and 
Maximum Altitude Cruise Profile, Section VI. 


PROHIBITED MANEUVERS 


Stalls, spins, inverted flight, and intentional 
inlet unstarts are prohibited. 


SIMULATED SINGLE-ENGINE FLIGHT 


Simulated single-engine approaches at less 
than 200 KIAS or with more than 25,000 
pounds of fuel remaining are prohibited. 
Planned single-engine missed approaches/go- 
arounds will be initiated not lower than 300 
feet above the ground. 
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RATE OF DESCENT 


Rate of descent must be limited so as to 
maintain positive fuel tank pressure when 
sustained speeds have exceeded Mach 2.6. 


While above Mach 1.8, the maximum rate of 
descent should be such that rate of decelera- 
tion does not exceed 1.0 Mach number in 3 
minutes. There is no limitation on rate of 
deceleration while below Mach 1.8. 


CENTER OF GRAVITY 


Use the c.g. indicator and pitch trim to 
determine center of gravity location. How- 
ever, both systems are subject -to indicator 
and system tolerance. Computed and indi- 
cated c.g. should agree within 0.5% during 
stabilized cruise conditions and on the ground 
(after allowing for the effect of the three- 
point attitude on the computed c.g. value). 
When supersonic, pitch trim indications 
should conform with values derived from 
Figure 6-7 within 1°, If c.g. is suspected to 
be aft of the prescribed limit, correct the 
condition with fuel forward transfer. 


Subsonic Operation 


The c.g. must be forward of 22% for takeoff. 
The unrestricted c.g. range is from 17% to 
22% during sustained subsonic operation 
within the airspeed and load factor limits 
provided by sheet 2 of Figure 5-5. 


When gross weight is below 100,000 pounds 
and speed is below Mach 1.8, operation with 
c.g. from 14.5% to 17% is permitted within 
reduced airspeed and load factor limits. For 
the reduced airspeed and load factor limits 
shown by sheet 3 of Figure 5-5 to be valid, 
tank 1 must contain no more than half the 
fuel remaining. Note that limit airspeeds are 

i 450 KEAS while subsonic and 400 KEAS while 

i supersonic, and that the maximum airspeeds 
recommended are 50 KEAS less than these 
limit values. 
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Prior to onic ration 
After takeoff or air refueling, c.g. as far aft 
as 24% is permitted while subsonic when 
normal climb and supersonic acceleration 
procedures have been initated. 


Similarly, the subsonic aft c.g. limit is 24% 
when a short period of subsonic cruise is 
necessary prior to initiating normal super- 
sonic acceleration procedures if: 

a. Speed is at least 0.90 Mach and 325 
KEAS, 


b. All pitch SAS is operating. 


sonic tion 

Below Mach 3.2, the supersonic aft c.g. limit 
is 25%. If speed exceeds Mach 3.2, the c.g. 
must be positioned forward of 25% by 0.7% 
per 0.1 Mach number increase in speed; e.g., 
to 24.3% at Mach 3,30. 


C.G. Forward of 17% 


When gross weight is below 100,000 pounds, 
operation with c.g. from 14.5% to 17% is 
permitted while below Mach 1.8 if tank 1 
contains no more than half the fuel remaining 
and the reduced airspeed and load factor 
limits shown by sheet 3 of Figure 5-5 are 
observed. Note that limit airspeeds are 450 
KEAS while subsonic and 400 KEAS while 
supersonic, and that the maximum airspeeds 
recommended are 50 KEAS less than these 
limit values. 





PITCH TRIM INDICATIONS WHILE SUBSONIC 


In trimmed flight (autopilot on or off), no 
more than 1.5° nose-down trim is permitted 
when subsonic with c.g. at or forward of 22%, 
and no more than 2.5° nose-down trim is 
permitted if operating in accordance with the 
special conditions when the 24% aft c.g. limit 
applies. 


« 
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PITCH TRIM INDICATIONS 
WHILE SUPERSONIC 


Refer to Figure 6-7 for the normal variation 
of pitch trim indications with Mach. When 
Supersonic, steady-state trim indications 
should agree within +1° of values derived 
from this figure when trimmed at 1-g load 
factor. 


NOTE 


The minimum pitch trim indication to 
be expected at Mach 2.6 is +0. 5°. At 
higher Mach, the minimum limit de- 
pends on KEAS, aircraft weight, and 
c.g. Assure trim is at or above 0 

except for the specific high Mach, 
high KEAS conditions at 25% c.g. 
depicted on Figure 6-7. Check the 
¢.g. if less nose-up trim is indicated. 





In trimmed flight (autopilot on or off) at 25% 
c.g. no more than 1.5 nose-down trim is 
permitted when supersonic. 


While supersonic, trim indication should in- 
crease about 1° per 50 KEAS decrease in 
trimmed speed, and 1° for each 1% forward 
c.g. shift from 25%. 


Excessive nose-down trim indicates a potent- 
ially hazardous situation and the possibility 
of a fuel system or c.g. indicating system 
malfunction. 


AIRCRAFT SYSTEMS LIMITATIONS 
SURFACE LIMITER 

The control surface limiter shall be engaged 
whenever speed exceeds either 330 KEAS or 
0.7 Mach. 

STABILITY AUGMENTATION SYSTEM 

The SAS shall be on for all takeoffs. 
Landings with normally functioning SAS 


channels intentionally disengaged are not 
permitted except that the roll SAS may be 
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disengaged prior to simulated and actual 
single-engine landings. 


Normal operation with all pitch and yaw SAS 
intentionally disengaged is not permitted; 
however, they may be disengaged for training 
demonstrations provided Mach 1.0 is not ex- 
ceeded and gross maneuvers are not 
attempted. 


Operation with both roll channels disengaged 
is permitted without limitation. 


AUTOPILOT 


Do not use the pitch autopilot with bank 
angles exceeding 45°, 


FUEL SYSTEM 
Use Of Forward Transfer 
ee a 


In-flight, with c.g. between 14.5% and 17%, 
no more than half of the remaining fuel may 
be transferred to tank 1; otherwise, the load 
factor limits shown by sheet 3 of Figure 5-5 
are not valid. 


Refueling Door 


If the air-refueling door is open while super- 
sonic, write up in AFTO 781 the temperature 
encountered and duration of exposure. 


ANTICOLLISION LIGHTS 


If the anticollision lights are not retracted 
before high-temperature flight, write up in 
AFTO 781 the temperature encountered and 
duration of exposure. 


CANOPY 


The canopy shall be opened or closed only 
when the aircraft is stationary. Maximum 
taxi speed with a canopy open is 40 knots. 
Gusts or strong winds should be considered as 
a portion of the 40-knot speed limit. 
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LANDING GEAR 
Touchdown Sink Rates 


The main landing gear is designed for landing 
sink speeds at touchdown which decrease 
from 600 feet per minute at 68,000 pounds to 
360 feet per minute at 125,000 pounds gross 
weight. Landing at gross weights above 
125,000 Ib is not recommended. However, if 
a landing must be accomplished before 
weight can be reduced to this value, the sink 
rate at touchdown should not exceed 300 feet 
per minute. Side loads during takeoff, 
landing, and taxiing must be kept to a mini- 
mum, as landing gear side-load strength is 
critical during ground maneuvering. 


Maximum S; 


In-flight, gear door strength limits the air- 
speed with gear down to 300 KEAS or Mach 
0.7, whichever is less, with a maximum per- 
missible sideslip angle of 10°. Maximum 
permissible speeds are 300 KEAS or Mach 
0.9, whichever is less, with gear down when 
sideslip does not exceed 5°. 


Crosswind Limits 


Because of the loads imposed on the landing 
gear system, operation with crosswind com- 
ponents above 30 knots is not recommended. 


Crosswind components between 25 and 30 
knots represent a cautionary area. See 
Appendix Figure A2-1. A decision to land 
with winds of this magnitude should consider 
all related factors, ie., weather, runway sur- 
face condition, airdrome facilities, and avail- 
ability of a suitable alternate. 


The maximum recommended crosswind com- 
ponents are: 


25 knots with a grooved runway (wet 
or dry) or with a dry, nongrooved run- 
way. 


20 knots with a nongrooved, wet run- 
way. 


eal 





Retraction-Extension Cycles 


Do not extend the landing gear more than 10 
times each flight. 


TIRES 


The maximum ground speed rating of the 
tires is 239 knots. The conversion from 239 
knots to KIAS with various combinations of 
temperature and altitude is shown by Figure 
5-6. 


‘A cooling period between the end of taxi and 
start of takeoff may be required. Figure 5-7 
provides recommended cooling time vs taxi 
distance. 


If a tire and/or brake cooling period is 
necessary, it should be continued until each 
individual tire and wheel is relatively toler- 
able to touch. 


A check of tires, wheels and brakes is 
required when clear of the runway after an 
aborted takeoff or a heavy weight landing. 


Takeoff after an abort is not permitted until 
maintenance has inspected the tires. 





Extreme caution should be exercised 
when making the tire and wheel check 
after a heavy weight landing, an 
aborted takeoff, or after any heavy 
braking. Overheated tires may 
explode and cause injury or loss of 
life. The check should be delayed 
until reasonable cooling has been 
accomplished if there is evidence of 
an overheated condition. 





After an abort, brakes must be cooled 
to approximately ambient temperature 
before attempting another takeoff. 
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ESTIMATED TIRE COOLING PERIOD FOR FULL RTO CAPABILITY 


Dote Basis: REPORT NOS? 1331 ‘31% TIRE DEFLECTION 
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MAXIMUM INITIAL BRAKING SPEED FOR STOP USING RATED BRAKE CAPACITY 
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Taxiing or landing across exposed arresting 
gear cables (e.g. BAK-9, BAK-12 systems) is 
not recommended. Such action could damage 
the tires and/or wheels. 


BRAKES 


Maximum initial KIAS for a one-time stop 
using the maximum brake energy is shown in 


Figure 5-9, Headwind components may be 
added to values shown, and tailwind 
components must be subtracted. Refer to 


Part Il of the Appendix for information on 
maximum refusal speeds and heavy-weight 
landings. 
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DRAG CHUTE 


The maximum airspeed for drag chute 
deployment is 210 KIAS. The drag chute 
shall not be deployed in-flight except for a 
drag chute unsafe indication. 








The maximum crosswind component for 
jettisoning the drag chute is 12 knots, The 
minimum airspeed for jettisoning the drag 
chute is 55 KIAS. 


FLIGHT WITHOUT PRESSURE SUIT 


Flight without pressure suits is restricted to 
below 50,000 feet. 
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SECTION VI 


INTRODUCTION 


SR-71 aircraft operate in an exceptionally 
large Mach and altitude envelope, but the 
equivalent airspeed, angle of attack, and load 
factor envelope is narrow. Typical takeoff 
and landing airspeeds are 210 and 155 knots, 
respectively; climbs are at 400 to 450 KEAS, 
and normal supersonic cruise is from 310 to 
400 KEAS. These aircraft obtain maximum 
cruise performance near Mach 3.2 at alti- 
tudes from 74,000 to 85,000 feet. The exter- 
nal configuration, air inlet system, power 
plant, and fuel sequencing are optimized for 
Mach 3.20. True airspeeds attained are near 
1850 knots. For stability considerations, a 
three-axis stability augmentation system 
(SAS) is an integral part of the aircraft 
control system and is normally used for all 
flight conditions. The normal flight charac- 
teristics discussed in this section assume 
proper SAS operation, unless specified other- 
wise, and observance of limits specified in 
Section V. 


CONFIGURATION EFFECTS 


External configuration features which affect 
flight characteristics include the delta wing, 
fuselage chines and the engine nacelle 
location. 


Delta Wing 


The SR-71 has normal delta wing characteris- 
tics. There is a large increase in drag as 
limit angle of attack is approached. This 
delta wing characteristic can cause very high 
rates of sink to develop if the aircraft is 
flown too slow. Dihedral effect is positive, 
but diminishes at higher Mach. Roll damping 
is relatively low over the entire speed range 
and lateral-directional qualities are poor with 
SAS off. 


The outboard portion of the wing's leading 
edge has negative conical camber. This 
moves the center of lift inboard to relieve 
loading on the nacelle carry-through struc- 
ture. It also improves the maximum lift 
characteristics of the outboard wing at high 





angles of attack, and enhances crosswind 
landing capability. 


Chines 


The SR-71 has a blended forward wing (chine) 
which extends from the fuselage nose to the 
wing leading edge. This chined forebody is 
approximately 40% of the aircraft length. 
The chines improve directional stability with 
increasing angle of attack at all speeds. 
However, their primary purpose is to provide 
a substantial portion of the total lift at high 
supersonic speeds and eliminate a need for 
canard surfaces or special nose-up trimming 
devices. 


A large rearward shift in the aerodynamic 
center of lift occurs when the aircraft 
transitions from subsonic to supersonic flight. 
Without chines, the center of lift would shift 
aft while in the transonic region and remain 
between 40% to 45% mean aerodynamic 
chord (MAC) at all speeds above Mach 1.4. A 
large elevon deflection would be required for 
trimming, and the resultant drag would be 
unacceptable. A similar shift of the 
aerodynamic center occurs at transonic 
speeds with chines, but the initial 
displacement is to a position between 35% to 
40% MAC. As Mach increases, the center of 
lift moves forward until a position slightly 
aft of 25% MAC is reached at the design 
speed. The result is that the static stability 
margin is maintained at desirable levels and 
trim drag due to elevon position is reduced to 
a minimum at design speed. The SAS 
provides satisfactory handling qualities. 


Automatic fuel tank sequencing shifts the 
c.g. aft to approximately 25% MAC while 
the fuel in tank 1 is being reduced to the 
right-hand shut-off level. This normally 
occurs during acceleration to supersonic 
cruise and conforms with the aft shift of the 
aerodynamic center. 


NOTE 


Because of chine effectiveness, c.g. 
must be moved forward of 25% if 
design speed is exceeded. Refer to 
Center of Gravity, Section V. 
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Nacelle Location 


The mid-span location of the engines 
minimizes drag and interference effects of 
the fuselage. The inboard cant and droop of 
the nacelles gives maximum pressure 
recovery at normal angle of attack for high 
altitude supersonic cruise. However, the 
nacelle location makes the aircraft sensitive 
to asymmetric thrust conditions. During 
afterburner cruise, match fuel flows to 
minimize thrust differences. During subsonic 
cruise, match engine EGT's and nozzle 
positions (instead of fuel flows) since heat 
sink system requirements are an appreciable 
portion of indicated fuel flows during non- 
afterburning operation. 


ANGLE OF ATTACK 


Angle of attack indications range from 8° to 
12° for takeoff (depending on weight and 
procedure used), 3° to 5° during climb, and 
4° to 7° during cruise. Angle of attack at 
optimum supersonic cruise altitudes is about 
5° to 6° for all gross weights. The indication 
is approximately 10.5° during final approach 
at recommended airspeeds; although, during 
landing approach in gusty conditions, the 
indication will oscillate. The indicated angle 
of attack is approximately equal to‘the true 
angle of attack. 


Definitions of tudinal Reference les 


Angle of Attack 


Angle of attack is the angle between the 
wing chord plane at the mean aerodynamic 
chord and the relative wind. When not 
turning, this angle is also equal to the 
difference between the pitch angle of the 
fuselage reference line (FRL) and the 
airplane flight path (measured relative to 
horizontal) minus 1.2° (the wing angle of 
incidence relative to the FRL is 1.2° 
negative). See Figure 6-1. The pilot's 
instrument provides wing angle of attack. 
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Relative Wind 


Relative wind is the apparent speed and 
direction of air passing the aircraft parallel 
to the aircraft flight path. The speed of the 
relative wind is equal to the airplane's true 
airspeed. 


Flight Path Angle 


The flight path angle is the angle between 
the relative wind and the horizontal plane. It 
can be determined from true airspeed and 
rate of climb or descent. 


Deck Angle or Pitch Angle 


Pitch angle (deck angle) is the angle between 
the fuselage reference line and horizontal. It 
is associated with, but not necessarily the 
same as, the pitch attitude indication. The 
attitude instruments would indicate true 
pitch angle if set at 0° with the airplane FRL 
level (for example, while on the ground) and 
not reset, and if no precession error occurs in 
pitch. 


Angle of Attack As A Flight Parameter 


Lift is a function of airspeed and angle of 
attack. Assuming weight does not change 
appreciably, the lift required for straight and 
level flight is constant. To maintain straight 
and level flight: if KEAS increase, alpha 
must decrease; and if KEAS decrease, alpha 
must increase. This direct relationship of 
angle of attack and KEAS with lift allows 
angle of attack to be used in place of 
airspeed, if necessary. If the airspeed 
systems malfunction and angle of attack 
remains, angle of attack can be held constant 
to hold relatively constant equivalent 
airspeed conditions. 


HIGH ANGLE OF ATTACK CONDITIONS 
In-flight minimum airspeed restrictions and 


maximum angle of attack limits are imposed 
to prevent approach to pitch-up conditions. 
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LONGITUDINAL REFERENCE ANGLES 


eet 
Eel iwianee aidan) 


fa 


ae 


ee ee Sed 


HORIZONTAL 





REFER TO TD! AND PITOT 
STATIC SYSTEM INDICATORS 


There is no stall in the classic sense where an 
abrupt loss in lift would occur at a critical 
angle of attack. (See Figure 6-2, Lift vs 
Angle of Attack.) Instead, a nose-up pitching 
moment develops as angle of attack 
increases, which becomes uncontrollable 
(even with full nose-down elevon) as the 
critical angle of attack boundary is reached. 
(See Figure 6-3, Subsonic Critical Angle of 
Attack Boundary.) An uncontrollable pitch-up 
will not occur until after limit angle of 
attack as given in Section V is reached. The 
SAS will tend to maintain apparent stability 
about all three axes until pitch-up occurs, 
then aircraft control is lost with little or no 


warning. 


Reduce angle of attack and adjust 
attitude nose-down if a high angle of 
attack warning occurs or if an alpha 
limit is approached. Do not confuse 
angle of attack with flight attitude. 
A dangerously high angle of attack 
can be reached while flight attitude 
is relatively level if the aircraft is 
descending or sinking. See Figure 
6-1. 
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Figure 6-1 
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ANGLE OF ATTACK 
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NOTE 

FRL * Fuselage reference line 

WRP = Wing reference line 

L.2° + Wing angle of incidence (negative) 

MAC + Mean aerodynamic chord, oF 

reference chord new 

Nose-up pitch trim ve zero 
indication reduces down elevon 


authority. If full forward stick is not 
sufficient to control angle of attack 
and pitch rate, trim nose down. 


At subsonic speeds, engine stalls may occur 
when at angles of attack above 10°, with 
more susceptibility existing while at 
airspeeds below 300 KEAS and altitudes 
above 25,000 feet. In such a condition, loss 
of thrust due to the stalls requires that angle 
of attack be reduced immediately and KEAS 
increased if pitch-up is to be avoided. 


Note that the critical angle of attack for 
Pitch-up is approximately 18° when subsonic 
and at the aft c.g. limit of 22%. The critical 
angle of attack is slightly higher if at a more 
forward c.g. The angle is less when 
supersonic, and varies with Mach. Center of 
gravity aft of the limit materially reduces 
the margin between the limit alpha and the 
critical angle of attack for pitch-up. When 
near the limit angle of attack, recovery from 
a rapid nose-up pitch rate may not be 
possible. 
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WING LIFT VS ANGLE OF ATTACK 


2° TILT NOSE INSTALLED 
BASIS: Wind Tunnel Tests 
Rigid Aieplane 
NOTE No wing stall experienced 
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Uncontrollable pitch-up occurs at the 
critical angle of attack boundary. 
Recovery from this condition is 
extremely unlikely. Attempted 
recovery must not be continued to 
the point where insufficient altitude 
for recovery or ejection exists. 


Pitch rates which accompany increasing 
angles of attack must be checked and load 
factor relieved at a sufficient rate to 
increase airspeed when the critical angle of 
attack boundary is approached. Recovery 
should be controlled by cross-referencing 
pitch rate, angle of attack, airspeed, and 
attitude. Airspeed must be allowed to 
increase, but_not_to extremes, so that 
recovery load factors will neither cause limit 
angle of attack to recur or impose loads 
beyond allowable values. During subsonic 
recovery, use cruise angle of attack as the 
basic reference while accelerating to 300-350 
KIAS. When near limit Mach number, it may 
be necessary to reduce power and/or increase 
drag while recovering so that limit Mach 
number is not exceeded while airspeed is 
increasing. 





Extreme caution is necessary while 
turning at altitudes above those for 
optimum supersonic cruise. The 
angle of attack may exceed 7° to 8°, 


and any transients caused by 
unstarts, increased bank angles, etc., 
may lead to pitch-up. 

SPINS 

Intentional spins are prohibited. The 


following technique is suggested if an 
inadvertent spin occurs; however, ejection 
may be the best course of action because spin 
recovery has not been demonstrated and is 
considered extremely unlikely. At the pilot's 
discretion: 
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1. Center controls, disengage surface 
limiters, and determine the direction of 
rotation from the turn indicator. 


2. Apply forward stick and full roll control 
into the direction of spin (into the turn 
needle) as the nose drops. 

3. Apply opposite rudder to stop rotation. 


4. Center the rudder and roll control as 
rotation stops. 


5. Start pull-out at 300 to 350 KIAS. 


6. If possible, avoid exceeding 450 KIAS 
and limit load factor during recovery. 


If uncontrollable, eject at 
15,000 feet above the terrain. 


least 


STABILITY CHARACTERISTICS 


The augmented (SAS on) dynamic stability is 
positive and dynamic damping is essentially 
deadbeat. Static stability is positive when 
operating within the c.g. and angle of attack 
limits. Positive static stability continues 
when c.g. is somewhat aft of the limit while 
at intermediate supersonic speeds (from 
Mach 1.2 to at least Mach 2.6.) However, if 
the aft c.g. limit is violated while near the 
design cruise Mach number, a_ static 
instability in pitch may result. If pitch rates 
are then generated and not arrested within 
the angle of attack limit, a pitch-up can 
develop and result in structural failure of the 
aircraft. 





EFFECTS OF C.G. LOCATION 


To fully understand the effects of center of 
gravity location on longitudinal flight 
characteristics, it is necessary to be familiar 
with the following terms: 
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Static Stability 


Static stability is the initial tendency of an 
airplane to return to "one-g" flight after 
being disturbed from its trimmed attitude. 
An example of a statically stable system is 
shown in Figure 6~4. In the example, if the 
angle of attack is increased by an upward 
gust or outside disturbance, the increased lift 
created causes a nose-down moment about 
the center of gravity which tends to return 
the airplane to its trimmed angle of attack. 


Static Margin 


Static margin is the distance between the 
aerodynamic center of the aircraft and its 
center of gravity. Static margin determines 
the degree of static stability of an aircraft. 
This margin can be changed by shifting the 
center of gravity or by varying the airspeed 
to shift the aerodynamic center. As static 
margin increases, small disturbances from 
the trimmed attitude of the aircraft result in 
larger restoring moments. As static margin 
decreases, stability of the aircraft decreases 
accordingly to a point where an outside 
disturbance could cause a divergence (either 
up or down) that the pilot could not control. 


Dynamic Stability 


Dynamic stability is the tendency of an 
airplane to overcome a disturbance from its 
trimmed condition, dampen out the resulting 
oscillations, and return to its original angle 
of attack. The degree of dynamic stability is 
indicated by the number of cycles (of 
decreasing amplitude) required to dampen the 
oscillations. For a system to be dynamically 
stable, it must be statically stable. Examples 
of a statically stable system depicting 
dynamic stability, dynamic neutral stability, 
and dynamic instability are shown in Figure 
6-5. An example of a statically unstable 
system showing pure divergence or loss of 
control is also shown. 


Effect of C.G. On Control Characteristics 


The relation of center of gravity and 
aerodynamic center location (static margin) 
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EXAMPLE OF STATICALLY STABLE 
SYSTEM 


LIFT DUE TO ANGLE OF ATTACK 


AERODYNAMIC CENTER 







RELATIVE WIND 
CENTER 
OF GRAVITY 


BALANCING AIRLOAD DUE TO 
ELEVON DEFLECTION 
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Figure 6-4 


determines the static stability of the air- 
plane. If the center of gravity is forward of 
the aerodynamic center, the airplane has 
static stability. Moving the c.g. further 
forward increases static stability. Moving 
the c.g. aft decreases static margin and de- 
creases static stability accordingly. Static 
instability results if the center of gravity is 
aft of the aerodynamic center. SAS oper- 
ation tends to overcome a small degree of 
static instability; however, a disturbance 
could’ cause the airplane to diverge beyond 
pilot control, even with full application of 
control stick and pitch trim. 


NOTE 
As the center of gravity moves aft 


and static margin decreases, less ele- 
von deflection is required to man- 


euver. Neutral stability is 
approached if the aft c.g. limit is 
exceeded. 
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EXAMPLES OF ANGLE OF ATTACK 
VS TIME WITH VARIOUS DYNAMIC 
STABILITY CONDITIONS 


Statically Stable Systems 


Angle of Attack 





Time 


Figure 6-5 


The supersonic aft center of gravity limit 
insures acceptable SAS-on stability and 
handling qualities commensurate with 
performance objectives. At forward center 
of gravity locations, large elevon deflections 
are required to trim and maneuver the 


age. 
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airplane. The center of gravity should be 
maintained near the aft center of gravity 
limit, when range is a consideration, to 
mimimize elevon deflection and reduce drag. 
Normally, this is accomplished automatically 
by the fuel sequencing system. 


Short period longitudinal oscillation means 
the relatively short-time pitching motions of 
an airplane after being disturbed in pitch. 
With the pitch SAS on, the longitudinal short 
period motion is so heavily damped that the 
pilot is not aware of any oscillatory motion. 
With the pitch SAS turned off, however, a 
disturbance of the aircraft results in 
oscillatory motion (nose-up, nose-down, nose- 
up) that persists for several cycles before the 
motion subsides (damps out). The effect of 
pitch SAS and center of gravity position on 
this motion is illustrated by Figure 6-6. Note 
that moving the center of gravity forward 
shortens the time for each cycle of motion, 
and moving the center of gravity aft 
increases the time for each cycle. If the 
center of gravity is moved progressively 
farther aft, the static margin approaches 
zero and the time-per-cycle for the short 
period oscillation becomes increasingly 
longer. At zero static margin (center of 
gravity behind the aft limit), SAS operation 
tends to dampen the oscillations and mask 
the condition. If the center of gravity is 
moved still farther aft (to a negative static 
margin) the SAS becomes ineffective and the 
airplane may exhibit dynamic instability 
without damping. With extreme aft c.g. 
position, the aircraft will exhibit a pure 
divergence; that is, the airplane will continue 
to pitch in the same direction at an 
increasing rate upon being disturbed from 
trim. The pilot can correct pitch motion 
using elevon control if the amount of 
instability (negative static margin) is small 
and if he applies correction control as soon as 
he recognizes any divergent pitching motion. 
If he allows the motions to become large, 
however, the pitching moment will exceed 
the corrective moment that he can supply 
with elevon and loss of control results. 
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EXAMPLES OF ANGLE OF ATTACK VS TIME 


Effect of Pitch SAS and 


€.G. Position on Damping With 
Longitudinal Short Period Oscillations 


Effect of Pitch SAS on Damping 
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Stability With SAS Off 


Aircraft controllability without stability 
augmentation has been demonstrated to Mach 
3.20. SAS off flight tests have also 
demonstrated controllability in climb and 
descent, during inlet unstart at Mach 2.8 and 
430 KEAS, during umstart and engine 
flameout at Mach 2.5, and during twenty 
degree bank turns in heavy turbulence at low 
supersonic and transonic Mach numbers. 
However, control with SAS off is sensitive 
and control movement should be kept to the 
necessary minimum. Thrust asymmetry 
should’ be minimized, particularly at high 
Mach. Sustained cruise or maneuvering 
without pitch and yaw SAS is not 
recommended near design speed. Refer to 
Stability Augmentation System, Section II. 


Pitch Stability at High Speeds 


At cruise Mach, the pitch stability is only 
slightly positive and disturbances are only 
lightly damped. Sudden loss of all pitch SAS 
while maneuvering causes a pitch transient 
that momentarily increases the load factor 
for the same stick position. 


Yaw Stability 


SAS-off yaw stability varies from positive to 
very slowly divergent. Response of the 
automatic air inlet system to yaw oscillation 
has a pronounced effect on directional 
motion. Unless controlled by the pilot, 
phasing of the spikes and forward bypass 
doors may either drive or damp the yaw 
oscillations. 
Single-Engi tion - Low S) 

The yawing moment from asymmetric thrust 
is large if an engine fails just after takeoff or 
a single-engine go-around is necessary. 
Approximately 2/3 to full rudder deflection 
and 10 degrees (or more) bank into the good 
engine is necessary to maintain control 
immediately after loss of power. Drag can 
then be minimized by reducing pedal force 
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and trimming to 7° to 9° rudder position 
indication, while using bank and sideslip 
toward the operating engine to maintain the 
desired flight path. The SAS automatically 
responds with corrective control at the time 
of engine failure or go-around power 
application, and its response rate is faster 
than pilot reaction time. However, rudder 
control follow-up by the pilot is necessary as 
the yaw SAS authority is limited to 8 degrees 
rudder deflection. The SAS continues to 
apply rudder deflection as long as a sideslip is 
maintained, but this deflection is not 
indicated by pedal position or by the rudder 
trim indicator. 
Single-I ation ~ Subsonic 

The rudder deflection required during single- 
engine operation decreases as airspeed 
increases. During single-engine cruise at 0.5 
to 0.85 Mach number, the aircraft can 
maintain course with surface limiters 
engaged. Optimum rudder deflections are 
maintained by the SAS without using rudder 
trim when bank and sideslip toward the 
operating engine are used to maintain course. 
The bank angles required approach 10°. 
Single] ration ~ 

Above Mach 2.8, engine failure or inlet 
unstart may require yaw axis stability 
augmentation to avoid excessive sideslip and 
bank angles which could cause the other inlet 
to unstart. Inlet unstarts while at 450 KEAS 
and maximum power are quite severe. In 
these cases, unassisted pilot reaction is too 
slow to provide all the control immediately 
required. Pilot follow-up is necessary after 
the initial SAS corrections. 


NOTE 


Before retarding the throttle to 
shutdown an engine, be careful to 
properly identify the side with the 
malfunction. There have been cases 
where an operating engine was shut- 
down. 
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NORMAL OPERATING CHARACTERISTICS 
See Appendix I for performance information. 
TAKEOFF 


The aircraft accelerates rapidly to rotation 
speed once maximum thrust is set during 
takeoff. The nosewheel can be lifted 50 to 
60 knots below takeoff speed, but this is not 
advised because the drag that is created 
decreases the acceleration and extends the 
takeoff run. With zero degrees pitch trim, a 
stick force of approximately 25 pounds is 
required to lift the nosewheel at rotation 
speed. Stick force must be relaxed during 
rotation to check the nose-up pitch rate. 
Forward stick may be necessary if a high rate 
of rotation is developed or if c.g. is aft of 
22%. During maximum performance 
takeoffs, speed and attitude must be 
monitored carefully to avoid overrotating and 
striking the tail. 


CLIMB 


Normal climbs to supersonic cruise speeds 
involve three phases of operation: a subsonic 
climb, a transonic acceleration to the 
supersonic climb schedule, and a supersonic 
climbing acceleration. Subsonic climb is 
normal except that a light airframe buffet 
may be felt near 0.9 Mach number as airflow 
conditions near the tertiary doors and ejector 
flap areas change. 

Transonic tion 

A Mach jump on the TDI occurs between 
Mach 0.98 and 1.03 during transition to the 
supersonic climb schedule. There is an area 
of decreased excess thrust from Mach 1.05 to 
Mach 1.15, A descent technique is used to 
improve acceleration through this speed 
range. The transition should be made without 
other maneuvering, if possible, as even 
shallow turns increase drag sufficiently to 
decrease acceleration and increase fuel 
consumption considerably. A noticeable 
increase in acceleration occurs after passing 
Mach 1.15, The pull-up to establish climb 
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attitude should be started in sufficient time 
to prevent overshooting climb speed. 


Supersonic Operation 


The supersonic climb is initiated when climb 
airspeed is established at approximately 
30,000 feet. Maintain the schedule accur- 
ately to achieve best climb performance. 
Avoid speeds above the climb schedule be- 
cause limit airspeed can be inadvertently 
approached quickly. 


Pitch Axis Stability In Climb 


The aircraft does not respond immediately to 
small pitch commands. This characteristic 
makes precise airspeed control difficult. If 
significant overspeed occurs, reduce power 
until climb speed can be reestablished rather 
than pull up sharply and impose load factors. 


Pitch Trim 


A continual variation in nose-up trim is 
required during the acceleration to cruise 
speed, with the 400 KEAS schedule requiring 
more trim than the normal 450 KEAS 
schedule. The variation of elevon angle and 
pitch trim indication for the trimmed con- 
dition is illustrated by Figure 6-7 for c.g. 
positions of 22% and 25%. The figure also 
shows the variation of trim required with 
airspeed and the effect of weight decrease 
during cruise when operating near the aft c.g. 
limits. 


Inlet Operation 


Occasional periods of inlet roughness may be 
encountered between Mach 2.5 and 2.8 It 
may also be encountered at climb speeds 
above Mach 3.0 if the forward bypass is hard 
closed. The roughness normally diminishes at 
cruising altitudes with equivalent airspeed 
reduced from the climb speed schedule. 
However, during cold operation, some rough- 
ness may continue if the forward bypass is 
hard closed (i.e., no modulation of the bypass 
position occurs) so that the inlet normal 
shock is positioned aft of the desired 
location. 
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Level Off 


Ideally, the transition to cruise altitude and 
speed would be accomplished at constant 
Mach number with power being reduced upon 
reaching the initial cruise altitude. In 
practice, however, this usually results in a 
pronounced altitude overshoot and subsequent 
difficulty in stabilizing at the desired cruise 
condition. The following describes three 
distinct level off situations. 


Cruise Mach and Altitude Attained 
‘Simultaneously 


For the maximum range cruise profile, the 
initial cruising altitude is close to the 
altitude at which the cruise Mach is attained 
using the normal climb procedure. 
Stabilization at the desired altitude is 
expedited by reducing power to 
approximately 3/4 of the afterburner throttle 
range and by decreasing the climb angle 
slightly when 0.10 to 0.05 Mach below the 
desired cruise speed. Then adjust pitch 
attitude so that Mach increases slowly to the 
desired value, while the rate of climb 
decreases to arrive at the cruise Mach and 
altitude simultaneously. At the desired 
cruise speed and altitude, reduce power to 
the estimated initial fuel flow setting, and 
make small adjustments in both pitch 
attitude and power setting until cruise is 
stabilized. 


Intermediate to High Altitude Cruise 


When the initial cruise altitude is above the 
altitude at which cruise Mach is attained 
using normal climb procedure, use a constant 
Mach climb to cruise altitude. Increase the 
climb angle to decrease the rate of 
acceleration when 0.10 to 0.05 Mach below 
the desired cruise Mach and continue 
climbing toward the desired altitude. If 
acceleration rate is still excessive when 
approaching the desired speed, momentarily 
retard the throttles slightly to break the 
rate. With Mach stable, begin reducing climb 
angle when approximately 1000 to 2000 feet 
below the desired level-off altitude. Reduce 
power to maintain Mach, and slowly reduce 
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the rate of climb as the desired cruise 
altitude is reached. Maintain Mach by power 
adjustments. Make small adjustments in pitch 
attitude and power setting until stabilized at 
cruise. 


Level Off from Reduced KEAS Climb 


Level-off altitude may be reached before the 
desired Mach is attained when climbing at 
400 KEAS prior to cruise at 2.8 or 3.0 Mach. 
In this case (when airspeeds above 400 KEAS 
are permissible) reduce the climb angle to 
allow a gradual transition to level flight when 
approximately 1000 to 2000 feet below the 
level-off altitude. Mach and airspeed will 
increase more rapidly than during the 
previous portion of the climb. | When 
approximately 0.03 Mach below the desired 
cruise speed, retard the throttles to the 
estimated initial fuel flow setting. Make 
small adjustments in pitch attitude and power 
setting to stabilize at the cruise condition. 
Mach number is quite responsive to throttle 
adjustment. 


CRUISE 


Supersonic cruising requires an awareness of 
high altitude techniques. 


Types of Cruise Profiles 


Cruise profile parameters are: desired Mach, 
aircraft weight (fuel remaining), and ambient 
temperature (CIT). The following definitions 
categorize several types of profiles. 


a. Minimum afterburner cruise - This 
profile yields the lowest cruise altitude 
for the Mach scheduled, and usually 
results in less than maximum range. 


b, Maximum range (optimum) cruise - This 
profile yields maximum range for the 
Mach specified. Power settings used are 
in the lower portion of the afterburner 
range. 


c. Intermediate altitude cruise - This 
profile yields altitude schedules below 
the maximum altitude cruise profile, but 
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CHARACTERISTIC PITCH TRIM INDICATIONS 


VARIATION OF TRIM WITH MACH NUMBER-400 AND 450 KEAS 











INDICATED ELEVON TRIM POSITION - DEG 


INDICATED ELEVON TRIM POSITION - DEG 















VARIATION OF TRIM WITH AIRSPEED 
AT CONSTANT MACH NUMBER 
CG - 25% MAC 


+ 1° trim angle tolerance is acceptable above Mach 1.0 
i tuet tank quantity and C..G. indications appear nominal, 


+ 0.5° trim angle tolerance is acceptable below Mach 1.0, 


AIRSPEED ~ KEAS 








INDICATED ELEVON TRIM POSITION - DEG 
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above the maximum range profile. 
Specific range is less than optimum, but 
reasonably efficient. 


Maximum altitude cruise - This profile 
results in altitudes approximately 1000 
feet below the maximum afterburner 
ceiling for the Mach specified. 


e. Maximum afterburner ceiling - This 
profile requires continuous operation at 
maximum afterburner and the Mach 


specified. 


These profiles employ a cruise climb that 
requires a gradual but continuous increase in 
altitude as fuel is consumed. As altitude 
increases during constant Mach cruise, KEAS 
decreases, For a given profile, gross weight 
and ambient temperature (ambient 
temperature and Mach influence CIT) 
determine the desired altitude for cruise at 
constant Mach number. 


NOTE 


Do not allow airspeed to decrease 
below 310 KEAS in cruise climb. See 
Limit Speed and Altitude Envelope, 
Section V. 


Refer to Figure 6-8 for a summary of 
maximum range and ceiling altitudes for 
various Mach numbers, gross weights, and 
ambient temperatures. 


Mach, KEAS, Altitude Relationship 


The selection of values for any two of the 
Mach, KEAS, or altitude variables 
automatically defines the value of the third, 
regardless of ambient temperature. For 
instance, if cruise is scheduled for Mach 3.0 
and the desired initial cruise altitude is 
72,000 feet, the KEAS must be 396 knots. 


Effects of Changing Air Temperatures 


Because of the high true airspeed at cruise, 
ambient air temperature may change 
abruptly as different air masses are 
encountered. Initially, if a constant altitude 
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is maintained, flight into a warmer air mass 
will cause a decrease in Mach and KEAS, and 
the true airspeed (TAS) and compressor inlet 
temperature (CIT) will remain constant. A 
higher TAS and CIT will result as the desired 
Mach is reestablished, The opposite would 
occur as a result of flying into a colder air 
mass. New cruise altitudes or speeds may be 
required to compensate for effects of 
variations in ambient air temperature. 





Effect Of Mach Number 


For any given gross weight and ambient 
temperature, the altitudes for maximum 
range and maximum altitude cruise profiles 
increase with Mach. This increase is 
approximately 1000 feet per 0.05 Mach 
number. A related characteristic is that if 
Mach increases slightly above that desired 
and the throttles are not retarded, excess 
thrust increases. It is easy to exceed target 
Mach inadvertently. 


MAXIMUM RANGE (OPTIMUM) CRUISE- 
PROFILE 


At high Mach, the maximum range (optimum) 
profile is a continuous cruise climb at 
substantially constant angle of attack with 
the throttles in the afterburner range 
(approximately 1/3 forward of the minimum 
afterburner stop). Relatively high KEAS are 
required when at heavy weight. It may be 
necessary to fly this profile at a constant 
altitude for a short period, slightly higher 
than the altitude for best specific range, to 
maintain KEAS at or below the KEAS bleed 
schedule. In this case, the initial cruise 
altitude remains above the optimum until 
gross weight is reduced sufficiently to fly the 
cruise climb profile. 


NORMAL AND STEEP TURNS 


Constant altitude turns of up to 35° of bank 
can normally be made at optimum cruise 
altitudes by increasing thrust. Angle of 
attack and required fuel flow increase 
approximately in proportion to load factor. 
It is more desirable from an operational 
standpoint to make constant altitude turns 
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MAXIMUM RANGE AND CEILING ALTITUDES 
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MAXIMUM RANGE AND CEILING ALTITUDES 
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than to maintain constant throttle setting 
and descend after roll in. It is slightly more 
economical to allow altitude to decrease 
while turning, maintaining constant power 
setting and Mach number during the turn; 
however, the difference in overall range due 
to technique is negligible. But there is 
always a range loss associated with turning, 
using either technique, of approximately 2.5 
miles per 10° of turn when using normal bank 
angles, It may not be possible to maintain 
the cruise altitude schedule during steep 
turns (more than 35°). Whenever the aircraft 
is power limited in a turn, it is better to lose 
altitude to maintain Mach than to lose Mach 
and maintain altitude. An altitude loss below 
the maximum range cruise schedule should be 
anticipated for 45° bank-angle turns. A 
greater loss in altitude may be required for 
turns on hot days. Refer to Parts V and VI of 
the Performance Data Appendix. 


NOTE 


During descending turns, KEAS must 
not be allowed to increase above the 
limit value for the Mach number. 
Lower bank angles (with increased 
turn radius) are necessary if the 
maximum KEAS/minimum altitude 
schedule can not be maintained by 
use of power. 


Bank angles of up to 45° may be used with 
the roll autopilot AUTO NAV engaged. Bank 
angles of 45° are not recommended during 
climb, except as an operational necessity, 
due to the reduction in climb performance. 


Dihedral Effect At High Speed 


A characteristic difference in dihedral effect 
between the SR-71A and the SR-71B aircraft 
exists at low angles of attack, above Mach 
2.8. The SR-71A aircraft exhibit a normal 
(positive) dihedral effect; that is, a right yaw 
produces right roll. Because of the ventral 
fins, the trainer exhibits a negative dihedral 
effect; that is, a right yaw produces left roll. 


Elevon Positi ih ic Turns 
Figure 6-9 illustrates typical elevon positions 
required to maintain wings level and bank 
angles of 32° and 42° at speeds above Mach 
2.75. Data are provided for airspeeds of 350 
and 400 KEAS and c.g. conditions aft of 24% 
while at 90,000 pounds gross weight. Trends 
for other airspeeds and weights can be 
determined from Figure 6-7. Note that nose- 
up elevon positions are always required when 
operating within the normal c.g. range. 
Nose-down positions could occur with c.g. aft 
of the supersonic limit of 25%. Approximate 
elevon positions are provided by the pitch 
trim indicator in the cockpit when the 
autopilot is engaged and the aircraft is in 
nonturning 1-g flight. The same indications 
are obtained when flying manually with the 
aircraft trimmed to zero stick force (hands- 
off trim) with wings level. 32° and 42° lines 
show elevon positions for turns at these bank 
angles. Note that the control deflection 
adjustments are relatively small, usually less 
than one degree. Also note that a reduction 
in nose-up deflection is typical when near the 
limit Mach and that nose-down deflection is 
required if c.g. is aft of the limit. These 
changes in elevon deflection are not 
reflected by the pitch trim indication while 
turning, because of the manner in which trim 
position indications are affected by operation 
of the SAS. 


Effect of 
Trim Indications 


Yaw Rate (LYR) on Pitch 


The pitch trim indicator shows the additive 
effects of manual trimming and Mach Trim 
system inputs before autopilot engagement, 
and the effect of trim inputs due to operation 
of the autopilot. The trim gage can not 
reflect control system input signals which 
result from SAS activity; therefore, the trim 
gage indication can not represent trimmed 
elevon positions while in turns. The pitch 
SAS introduces a nose-down elevon deflection 
signal to counter the steady state pitch-up 
rate sensed when the aircraft is in a pull-up 
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or a turn. Without LYR all of the additional 
trimming necessary to overcome the pitch 
SAS input in turns must be accomplished by 
the pitch autopilot or by the pilot through 
trim and/or control stick adjustments. With 
the autopilot in control, or when the pilot 
manually trims out stick force, the pitch trim 
indicator shows the net requirement needed 
to overcome the SAS activity and to position 
the elevons for the desired turn. Figure 6-10 
shows typical trim indications for trimmed 
flight with LYR (roll autopilot on) and 
without LYR (roll autopilot off) for wings- 
level and at 32° and 42° bank angles. Flight 
conditions of weight, Mach, and airspeed are 
the same as for Figure 6-9. 


With LYR, pitch trim values in turns are as 
much as 2.3 degrees lower than for the same 
flight conditions without LYR. This occurs 
because the LYR signal, which is derived 
from bank angle and the sustained yaw rate 
sensed by the SAS in a turn, is applied as a 
nose-up signal to oppose the nose-down signal 
obtained from the sustained pitch rate sensed 
by the SAS in a turn. The trim requirements 
in a turn are reduced by an amount which 
equals the control signal provided by the 
LYR, and Figure 6-10 illustrates how the 
nose-up indicated trim change is smaller than 
without the LYR. Without LYR the amount 
of uptrimming required by the pitch autopilot 
in a turn would increase and could exceed 
autopilot pitch authority (2.3 degrees 6 e) 
until the slow trim motor could trim out the 
difference. In some cases with LYR, the 
indicated trim change from the wings-level 
condition is almost nil or slightly nose-down. 
Normal trim positions should reappear on roll 
out at the conclusion of a turn. 


MAXIMUM AFTERBURNER CEILING 
PROFILE 


In the Mach 2.8 to 3.2 range, the maximum 
afterburner ceiling profile is 4000 to 5000 
feet above the altitude schedule for 
maximum range. The pilot maintains this 
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schedule primarily by small pitch adjustments 
after the profile is established. The 
maximum altitude cruise profile (1000 feet 
lower) is recommended except where 
maximum altitude is essential. 


MAXIMUM ALTITUDE CRUISE PROFILE 


The maximum altitude cruise profile is 1000 
feet below the maximum afterburner ceiling. 
Continuous use of maximum afterburner 
should not be required. 


Effect of Mach Decrease 


The Mach must not decrease appreciably 
below the desired cruise Mach. A small 
decrease in Mach at constant altitude will 
cause the aircraft to intercept the maximum 
afterburner ceiling for that speed and 
become thrust limited. A descent of several 
thousand feet may be required to reestablish 
the desired Mach. 


Turn Restrictions 
NOTE 


Turns must be anticipated when 
flying near maximum altitudes. A 
descent of approximately 2000 feet 
should be completed prior to turn 
entry. 


Use of the maximum altitude cruise and 
maximum afterburning ceiling profiles is re- 
stricted to nonturning flight. If 35° bank 
turns are attempted at these altitude 
schedules, the angle of attack will exceed 8°. 
Inlet angle of attack biasing will cause com- 
pressor inlet pressure to decrease as much as 
2 to 3 psi. 


Due allowances must be made for the 
expected altitude loss if maximum power will 
not be sufficient to maintain level flight. 
Refer to Figure 6-8 and the Performance 
Data Appendix, Parts V and VI. 
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350 KEAS 


400 KEAS 
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ELEVON TRIM INDICATION - WITH LYR (ROLL AUTOPILOT ON) 


AND WITHOUT LYR (ROLL AUTOPILOT OFF) 


GROSS WEIGHT + 90,000 LB 


350 KEAS 


F200- 109%) 
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When scheduling turns requiring 42° bank 
angle at speeds above Mach 3.0, the initial 
weight must be such that the aircraft can 
stabilize at least 2500 feet above the altitude 
at which 400 KEAS would be intercepted. 
Turns at this bank angle must not be planned 
for such heavy weights that altitude loss 
would result in exceeding 400 KEAS. In such 
cases, select a turning radius which requires 
less bank angle: When planning 42° bank- 
angle turns at speeds above Mach 3.1, it is 
also recommended that a distance allowance 
be included for a descent of 2500 to 3000 
feet below the maximum range altitude to be 
completed and level off accomplished before 
starting the turn. Maximum thrust may not 
be sufficient to maintain the maximum range 
cruise altitude schedule at such high bank 
angles. The specific range curves in Part V, 
and the Maximum A/B Constant 
Mach/Altitude Turn Capability curves in Part 
VI of the Performance Data Appendix can be 
used for predicting turning performance and 
for planning the flight profile required before 
turn entry. 


HIGH ALTITUDE TURN TECHNIQUE 


NOTE 


Heavy weight turns at maximum 
cruise speed should be avoided (if 
possible) by preflight planning or by 
turning during the climb, before 
reaching cruise altitude. Bank-angle 
turns of 45° are not recommended 
during climb except as an operational 
necessity. 


Anticipate turns during cruise at the 
maximum altitude cruise profile or higher, 
and descend approximately 2000 feet before 
reaching the turn point. Use minimum A/B, 
(or a power setting slightly higher, if exhaust 
nozzle instability is encountered at minimum 
A/8) when at maximum altitudes. Maintain 
cruise Mach during the descent, and reset 
level-flight power before turning. Advance 
the throttles slowly to maximum afterburner, 
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either after the bank is established or as the 
turn is entered, considering: 


1, A nose-up pitch rate develops during the 
roll in, Setting maximum afterburner 
power during the roll in could aggravate 
control problems if an unstart occurs. 


2. <A delay in advancing power increases the 
possibility of altitude loss, but reduces 
the problem of attitude control if an 
unstart occurs. 


NOTE 


Anticipate a slight increase in 
indicated TDI Mach as the aircraft 
rolls into the turn. This does not 
reflect an actual increase in speed or 
a need for immediate correction. It 
is characteristic of the airspeed 
system at high speed. 


Maintain Mach, using pitch attitude 
adjustment, when turning with maximum 
afterburner. 


Do not make abrupt pitch attitude 
changes while turning. 


Maximum power may also be required to 
maintain Mach during level turns at the 
maximum range altitude schedule when using 
high bank angles. Refer to the Tur 
Restrictions paragraph for turns above 35 
when at the maximum range altitude. 


NOTE 


Use of the pitch autopilot with Mach 
Hold off is recommended for high 
altitude turns. Use the pitch trim 
adjustment wheel to control attitude, 
but do mot make abrupt pitch 
changes. 


The pitch autopilot can be used with bank 
angles up to 45° at all speeds. 
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DESCENT 


Descent characteristics are not unusual ex- 
cept for the variation in flight path angle 
encountered during the supersonic decelera- 
tion. For start of descent, either a constant 
altitude deceleration is made to 365 KEAS or 
a constant Mach number descent is made 
until 350 to 365 KEAS is intercepted. The 
choice depends on whether airspeed is above 
‘or below 350 to 365 KEAS at end of cruise. 
Then 365 KEAS is maintained. When 350 
KEAS is intercepted near Mach 3.2 with 
military power, the angle of descent is ap- 
proximately 1°, As speed is reduced and 
power reduced to near idle thrust, the de- 
scent angle increases until over 7° is reached 
just above Mach 1.0. 


AIR REFUELING 


Air refueling with the flying boom system of 
the KC-10 or KC-135 tankers poses no prob- 
lem of compatability and is normally ac~ 
complished between 25,000 and 30,000 feet. 
The aircraft provides a stable platform with 
the SAS on. Without afterburning, the air- 
craft may become power limited at the 
higher refueling altitudes before a maximum 
onload can be completed. This requires using 
either a toboggan technique or completing 
the refueling with one afterburner on. 


Forward visibility in the observation and pre- 
contact positions is excellent, but upward, 
lower, and aft visibility is restricted. Ren- 
dezvous is easiest from a slightly low position 
with the tanker within 60° either side of the 
nose. The pilot's refueling visibility is optim- 
ized by lowering his seat prior to contact. 
Depth perception through the vee windshield 
is slightly impaired, and some pilots prefer to 
use one side of the windshield during contact. 


A slight buffet will be felt as the contact 
position is reached. This is tanker downwash 
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and has no effect on the receiver except for 
a slight decelerating effect. Acceleration 
response of the engines is excellent and air- 
craft drag at refueling speeds produces good 
deceleration response. 


Avoid overcontrolling the engines, while 
gaining and holding position, due to non- 
linearity of throttle position vs engine thrust. 
A given throttle angle change near military 
power yields more thrust change than a 
similar. change in the throttle midrange. 


The aircraft may become power limited, if 
the afterburner-on technique is not used, and 
tobogganing descents of up to 1000 feet per 
minute can be requested as the military 
power throttle position is approached. Asym- 
metric thrust is easily controlled with one 
afterburner on. 


Turbulence encountered while in contact 
poses no particular problem with SAS oper- 
ating normally and shallow turns can be made 
without difficulty. However, if all pitch SAS 
is inoperative, refueling is not recommended 
except in an emergency. The aircraft is 
poorly damped without any pitch SAS, but 
control can be maintained under favorable 
conditions with a forward c.g. 


After disconnect, movement relative to the 
tanker should be rearward and slightly down- 
ward with wings level. This insures a straight 
line force separation of the boom from the 
receptacle. 


During night refueling, added caution and 
effort is required to avoid overshoot, and the 
tendency toward throttle overcontrol while in 
contact increases. 


The angle of attack is approximately 3° for a 


lightweight hookup and increases to approxi- 
mately 6° for full tanks. 
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APPROACH AND LANDING 


Handling characteristics during approach and 
landing with SAS operative are good. Short 
period disturbances are well damped, and 
available roll rates are adequate. The air- 
craft can be held off the runway to speeds 
much lower than recommended landing speed. 
Normal touchdown angle of attack is from 
10° to 12°. There is a risk of damage to the 
aft fuselage if the touchdown angle of attack 
exceeds 14°. 


Normally the aircraft is flown directly to 
touchdown rather than attempting to hold 
just off the runway with subsequent settling 
at too high an attitude. Prompt chute de- 
ployment will result in momentary deceler- 
ation loads of about 1/2 g. The chute should 
not be deployed in the air because of the 
rapid deceleration and rate of sink that could 
develop, but it can be actuated before nose- 
wheel contact without any unusual pitching 
tendencies. | During crosswind landings, 





however, chute deployment should be delayed 
until the nosewheel is on the runway and 
steering engaged. Refer to Crosswind 
Landing, Section II and Landing Gear Limits, 
Section V. 


The initial loads which occur when the drag 
chute deploys are illustrated by Figure 6-11. 
Note that approximately 1/2 g initial decel- 
eration can be expected at deployment 
speeds for normal landings. The initial shock 
can be much greater during high-speed de- 
ployments at light to moderate weights. The 
load at which the drag chute attachment link 
is designed to fail is 110,000 pounds. 


Practice landings with pitch and/or yaw SAS 
off are not permitted. The roll SAS may be 
disengaged prior to simulated and actual 
single-engine landings. Control during emer- 
gency landings with all pitch SAS off is 
increasingly more difficult if c.g. approaches 
or exceeds the aft limit. 
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INITIAL DECELERATION VS CHUTE DEPLOY SPEED 
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INSTRUMENT FLIGHT PROCEDURES 
SPATIAL DISORIENTATION 


Spatial disorientation is possible if the pilot 
is not concentrating on attitude instruments, 
particularly if a true visual horizon is not 
available. During constant acceleration 
there is susceptibility to a phenomenon 
mown as somatogravic illusion. This illusion 
causes the crewmember to falsely perceive 
increasing pitch attitude when the aircraft is 
in a constant flight path acceleration, or to 
falsely perceive decreasing pitch attitude 
when the aircraft is in a constant flight path 
deceleration. The magnitude of this illusion 
is exacerbated by the high rates and 
durations of acceleration and deceleration 
within the capabilities of the SR-71. The 
instinctive response, without reference to 
flight instruments, would normally be 
opposite to the actions required to recover to 
the desired attitude. The effects of this 
illusion can be minimized by vigilant 
monitoring of attitude instruments when a 
true visual horizon is not available. 


PITOT-STATIC SYSTEMS 


The pitot-static operated flight instruments 
are used for subsonic flight. The TDI should 
be used for acceleration to, during, and for 
deceleration from supersonic flight. 
Equivalent airspeeds (KEAS) and altitude in- 
formation from the TDI can be used when 
subsonic, however, TDI response may not be 
as rapid as the ship system indication. 


Angle of Attack Indication 


The angle of attack indication is referenced 
to pitot total pressure and to the attitude 
probe on the Rosemount pitot-static boom. 
It is independent of static pressure. Pitot 
heat should be sufficient to keep both the 
Pitot-static head and the angle of attack 
probe operating during icing conditions. If 
the pitot tube is completely blocked, both 
airspeed systems are unreliable and angle of 
attack may also be unreliable. Check for 
reasonable angle of attack indication by cross 
reference to the attitude gyros during turns. 


BEFORE INSTRUMENT TAKEOFF 


Set the pilot's ATT REF SELECT switch to 
INS, the DISPLAY MODE SEL switch as 
desired, and the ADI from 3 to 5 degrees nose 
low. 


INSTRUMENT TAKEOFF AND CLIMB 


Takeoff and climb under instrument 
conditions are identical to normal Takeoff 
and Climb procedures in Section IL. 


STEEP TURNS 


Any bank angle 35° or greater is considered a 
steep turn. The aircraft is easily controlled 
on instruments in banks up to 60°; however, 
due to structural load restrictions, avoid bank 
angles in excess of 45°. 


HOLDING 


Holding patterns and descents between 
holding levels should be flown at 275 KIAS, 
Approximately 6400 rpm is required at FL 
200 with normal conditions and 15,000 pounds 
of fuel remaining. 


JET PENETRATION 


Penetrations are flown at 275 KIAS with 
power set at approximately 5500 rpm. Initial 
rate of descent will be 3000 to 4000 fpm. 


The landing gear may be used for additional 
drag during the penetration. Landing gear 
should be extended prior to the final 
approach fix. At normal approach gross 
weights, maintain 230 to 250 KIAS until final 
approach. 


NOTE 


Fuel required for a typical jet pene- 
tration is 1000 to 1700 pounds, 


INSTRUMENT APPROACHES 


Use normal traffic pattern airspeeds; refer to 
Section Il, Before Landing. 
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JET PENETRATION 


HOLDING: 275 KIAS 
6400 RPM 


HIGH ALTITUDE 
INITIAL APPROACH FIX 
TYPICAL TACAN PENETRATION 
‘AND STRAIGHT ~ IN APPROACH 
PROCEDURE (HIGH ALTITUDE) 







MINIMUM 
ALTITUDE 


NOTE 


‘* Increase final approach speed 1 knot 
for each 1000 Ibs, over 10, 000 tbs. 
fuel remaining, 
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PRECISION RADAR APPROACH 
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ENTRY 
Enter at minimum penetration altitude 
‘Alrspeed ~ 250 KIAS 
Throtties - As required 










All turns 30° bank 


Airspeed - 250 KIAS 
Throttles - As required 


MISSED APPROACH 






Throttles “MILITARY 
@tax-Thrust, It Necessary ) 

Gear UP 

‘Airspeed~ 250K1 AS 

‘Maintain 1000-2000 fpm 

rate of climd 

Execute prescribed missed approach 












BASE LEG 


‘Airspeed = 230 KIAS 
Throttles - As required 

Betore landing checklist - Completed 
Gear Down 








Airspeed ~ 175 KIAS Minimums: 
Throttles - As required 


NOTE 
‘= Increase final approach speed 1 knot for each 1000 

‘bs. over 10,000 tbs. fuel remaining. 

For aircraft aver 100, 000 Ibs. (over 40, 000 Its. fuel 
ing), maintain 275 KIAS on downwind leg 
‘and 250 KIAS on base leg. Use approximately 10.5 
Genres angio ck fr fral preach ond 
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NOTE 


Altimeter position error corrections 
at instrument approach speeds are 
negligible. 


For an ILS approach, set UHF radio power to 
4 or lower. Set the inbound localizer course 
in the HSI, select ILS on the DISPLAY MODE 
SEL switch until the aircraft is established on 
the localizer, then select ILS APPROACH. 
The ADI bank and pitch steering bars (front- 
course ILS only), and the HSI course deviation 
bar will provide correct steering directions. 


ILS reception can be affected by 
UHF transmission at high power set- 
tings. 


MISSED APPROACH AND GO-AROUND 


Apply Military thrust as soon as it is deter- 
mined that a go-around is necessary. Use 
afterburner if necessary. Raise the landing 
gear after a climb has been established, and 
climb to the missed approach altitude at 250 
KIAS, When a positive rate of climb has been 
established, adjust power as necessary to 
maintain 250 KIAS and approximately 1000 to 
2000 feet per minute rate of climb. 








NOTE 


Fuel required for a missed approach 
and instrument go-around (typical 
GCA pattern) is approximately 3000 
pounds. A closed pattern go-around 
requires approximately 1000 pounds. 


SINGLE-ENGINE OPERATION 


Refer to Section Il, Single-Engine Penet- 
ration and Landing. Hold gear extension until 
final approach and maintain a minimum final 
approach speed of 200 KIAS. For single- 
engine missed approach, follow the Single 
Engine Go-Around procedures in Section II 
and observe the single-engine minimum 
control speed. 
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ICE AND RAIN 


Flight in areas where moderate or heavy 
icing is present or forecast is prohibited. 
Extended flight in any icing is also prohib- 
ited. Ice will build up on the spikes at 
penetration and approach speeds and enter 
the engine as it breaks off. Engine damage 
due to ice ingestion is not normally severe 
enough to cause engine shutdown and can be 
minimized by reducing rpm. 


Extended flight in heavy rain is prohibited. If 
heavy rain is encountered while subsonic, 
maintain below 350 KEAS. When climbing at 
supersonic speeds, reduce to 400 KEAS. If 
the climb can not be continued, decelerate at 
350 KEAS. 


If icing or heavy rain at near freezing tem- 
peratures is encountered, make an entry in 
Form 781 so that the engines will be exam- 
ined for damage. 


WINDSHIELD ICING 


Without hot air deicing, forward visibility is 
unsatisfactory under all icing conditions. Ice 
build up occurs very rapidly and dissipates 
very slowly, even after descent to lower, 
warmer altitudes. Hot air flow on the wind- 
shield is satisfactory for inhibiting ice build 
up if used prior to encountering icing condi- 
tions. 


VISIBILITY IN RAIN 


In rain, forward visibility is obscured by a 
water film which extends over almost all of 
the windshield area. Hot air deicing is useful 
for improving visibility through the left wind- 
shield while taxiing or flying in rain. Use of 
windshield hot air deicing or the rain remover 
liquid (before $/B R-2674) during light and 
moderate rain conditions improves visibility 
to a usable condition at approach speeds; 
however, windshield deicing should not be 
used simultaneously with rain remover fluid. 
Visibility is momentarily obscured as the rain 
remover liquid is applied, then the windshield 
clears and beads of water form which stream 
across the glass. Rain remover application is 
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needed at ten to fifteen second intervals for 
best effectiveness. Approximately 30 
applications of the rain remover fluid are 
available. The rain remover system is not 
effective with very heavy rain conditions and 
although hot air deicing provides very slight 
improvement, visibility remains obscured. 
After S/B R-2674, the rain removal system is 
deactivated. 


Rain Removal 
NOTE 


Reduce speed below 250 KIAS before 
applying rain remover fluid. 





Do not apply rain repellent on a dry 
windshield. Prolonged obscuration 
may result. 


Residual rain remover fluid can be baked in 
the spray bars during high speed (hot flight), 
causing subsequent stoppage of fluid flow. 
Therefore, the rain removal system should 
not be used prior to hot flight unless 


essential. After S/B R-2674, the rain 
removal system is deactivated. 
1. Windshield deicing switch - RAIN 


REMOVAL ARM ON. 
2. Rain removal button - PUSH. 
NOTE 


Momentary cloudiness will occur. 





Do not apply removal liquid after 
passing approach minimums. 


3. Repeat as required when visibility deter- 
iorates. 


NOTE 


Make an entry in Form 781 if the rain 
removal system has been used. 


HIGH HUMIDITY CONDITIONS 


If condensation forms on the inner or outer 
windshield glass: 


1. Cockpit defog switch - Set. 


Hold the defog switch OPEN, then select 
HOLD or CLOSED as required to keep 
the inner windshield canopy glass clear. 


2. Windshield deicing switch - ON DE-ICE, 


Selection of the ON DE-ICE. position 
directs hot air to the left windshield 
outer panel and causes the WINDSHIELD 
DE-ICE ON caution light on the pilot's 
annunciator panel to illuminate. 


NOTE 


Windshield deicing can be used with 
other normal procedures for manage- 
ment of the environmental control 
system; however, this diversion of air 
may reduce the supply to the cock- 
pits and bay areas when operating at 
low engine rpm. Windshield deicing 
should not be used simultaneously 
with rain removal. 


If fog emanates from the cockpit air distri- 
bution ducts: 


3. Cockpit temperature control rheostat - 
Increase as required. 


Light to moderate cockpit fogging can 
be eliminated immediately by moving 
the cockpit temperature control and 
override switch to manual WARM. In 
automatic operation, moving the cockpit 


temperature control rheostat to a 
warmer setting (clockwise) also 
eliminates fog. 

If fogging persists: 

4. Use the Cockpit Fog emergency proce- 
dure. 
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Before the cockpit air handle is returned 
to the open position, the cockpit 
temperature control and override switch 
should be moved to manual WARM long 
enough to assure that fog will not recur. 


TURBULENCE AND THUNDERSTORMS 


Flight should not be scheduled through areas 
where moderate or severe turbulence is fore- 
cast. If such conditions are encountered 
while subsonic, maintain 300 to 350 KEAS. 
When climbing at supersonic speeds, reduce 
to 400 KEAS. If the climb can not be 
continued, decelerate at 350 KEAS. Refer to 
the Structural Capability in Gusts chart, Fig- 
ure 7-3. 


OPERATION IN TURBULENCE 


The inlets may not operate normally if severe 
turbulence is encountered at high speed: 
flameout may occur. 


Stick shaker can occur while in turbulence; 
however, the APW pusher/shaker switch 
should not be turned OFF unless a definite 
malfunction of the APW system is identified. 
Reduce load factor and increase KEAS, if 
practicable, to avoid shaker operation. 


Jet Penetration 


The normal penetration speed of 275 KIAS is 
compatible with operation in turbulence. 


Landing Approach 


The normal turn to final approach speed may 
be increased to 250 KIAS to avoid control 
difficulty. 


COLD AND HOT WEATHER PROCEDURES 


Detailed cold and hot weather procedures 
have not been established. The pilot must be 
aware of the effects of nonstandard tempera- 
tures on takeoff and landing distances and 
minimum single-engine control speeds. The 
pilot should also be aware of the effects of 
wet, icy, and slush covered runways on take- 





off and landing distances and on ground 
handling characteristics. 


COLD DAY GROUND OPERATION 


After start during cold weather, the DAFICS 
Preflight BIT may fail until hydraulic fluid in 
the servos warms sufficiently to provide nor- 
mal servo response. Repeat the Preflight BIT 
until it is successful. 


Taxi speeds tend to increase during cold 
weather. Restrict taxiing to low speeds when 
on wet or icy surfaces, Braking must be 
accomplished carefully to avoid skidding 
when below 12 mph, as antiskid protection is 
not available. Shut down of the right engine 
during taxi-in after landing may be necessary 
to reduce braking requirements; however, 
taxiing with one engine shut down is not 
recommended. 


Painted Areas 





Painted areas are significantly more slippery 
than unpainted areas when wet. Painted 
areas serve as condensation surfaces and it is 
possible to have icy conditions on these areas 
when the overall surface condition is dry. 


HOT DAY GROUND OPERATION 


Sunshades over the cockpits are advisable 
before the crew boards when the aircraft is 
directly exposed to the sun. 


NIGHT FLYING 


Interior Light Reflections 


The combined reflective qualities of the can- 
opy and cockpit instruments can create re- 
flection problems at night from cockpit 
lights. A reduction of canopy reflections is 
realized if the front cockpit sunshades are 
joined and positioned as an extension of the 
glare shield. Open the face plate (below 
10,000 feet) and/or lower the front wind- 
shield vision splitter for night landings to 
reduce reflections. 
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Interior Lighting 


Except for the pilot's attitude indicator and 
map projector, lighting balance between 
individual cockpit instruments is preset. 
Deficiencies in lighting balance should be 
reported. A reduction in the interior lighting 
level to reduce glare and reflections, plus the 
mbrance of the pressure suit gloves, 
requires that crew members have an intimate 
knowledge of switch positions and functions. 





SECTION VI 





Precise altitude and speed control is more 
difficult while supersonic at night because of 
the lack of outside reference. The pilot is 
dependent on cockpit instrumentation only, 
for all attitude changes. Vigilantly monitor 
attitude references and frequently cross- 
check aircraft performance indications such 
as Mach, altitude, IAS, and heading. 
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